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PREFACE. 



By Heney Shaler Williams. 



In the year 1897 I began an investigation of the Paleozoic rocks and fossils of Maine^ m the 
hope of gaining through their study a better understanding than was then to be had from 
published literature of the relation between the well-known upper Paleozoic of Europe and that 
of the interior of the North American continent. 

A preliminary report, based on the evidence already possessed and the new facts obtained 
by field work in Aroostook Coimty, was pubUshed in 1900.* In that report I gathered lists 
of fossil faunas of Maine at that time pubhshed and discussed their bearing on the problems 
of classification and correlation of the formations concerned. I also there referred to the special 
importance of the fossils of the Chapman sandstone as the expression of an intermediate fauna 
linking together the faunas of New York and those of the Tilestone, or terminal Silurian, of 
Great Britain. As the Tilestone marked the uppermost boundary of the Silurian for the British 
section, a full exposition of the facts for correlation of the European and American geologic 
sections was important. As this boundary in Great Britain represented also the passage for a 
considerable area from the marine Silurian up into the estuarine conditions of the Old Red 
sandstone, it was believed that a careful study of the relations of the successive faunas and the 
changes in sedimentation associated with the several faimules would prove of value in estab- 
lishing at least one stratigraphic boimdary by which the sections of the two continents might 
be precisely compared. 

The fauna of the Chapman sandstone was therefore selected for special study and descrip- 
tion. Further collections were made from the typical localities in Aroostook County by Olaf Q. 
Nylander for the United States Geological Survey, and additions were also made to the 
fauna of the Moose River sandstone, a related but later fauna, by a set of fossils collected by 
Harold W. Prince at Detroit, Somerset County, Maine. I was enabled to examine the Gaspe 
and Arisaig faunas through the courtesy of the officers of the Canadian Survey. 

In order that the British related sections might be more acciu'ately defined, the conmiittee 
of the International Congress of Geology on stratigraphic classification was urged at the Berlin 
congress in 1898 to designate geologists of each country to establish with greater precision the 
system boundary lines, the typical definition of which was based on the sections of their respec- 
tive countries. Although the chairman of the committee. Dr. Renevier, reported unfavorably 
upon this proposition, the English member of the committee, Prof. T. M. Hughes, of Cam- 
bridge, established the standard upper boundary of the Silurian at Dudley, thus furnishing 
an acciu'ate definition of the ''passage beds" in which the exact section is given and the exact 
faunal contents of each zone defined.* 

During the preparation of the present work the English collections most closely associated 
with the Chapman fauna were also studied, but it was discovered that hardly any of the species 
are strictly identical, although many affinities are close. The pelecypods particularly in the 
British collections were found to show such variation in specific characters that redefinition 
and refiguring of many of the specimens would be necessary before it would be possible to 
make comparisons with precision. 

1 Williams, H. S., and Gregory, H. E., Contributions to the geology of Maine: U. S. Geol. Survey Bull. 165, 1900. 

> EUes, 0. L., and Slater, I. L., The highest Silurian rocks of the Ludlow district: Geol. Soc. London Quart. Jour., vol. 42, pp. 105-222, PL 
XXII, map, 1906. 

5 



6 FAUNA OF THE CHAPMAN SANDSTONE OF MAINE. 

In this country, while the investigations here recorded were in progress, Charles Schuchert, 
J. M. Clarke, C. E. Beecher, and others have contributed much additional information concern- 
ing the faunas of the Helderberg and Oriskany, so that greater precision of correlation with 
the sections in New York and the interior is now possible than when this work was begun. 
After the descriptions of most of the species had been written out and the figures prepared, 
some readjustment of nomenclature was necessitated by the publication by the State geologist 
of New York of descriptions of species of the same faunas of Maine from specimens furnished 
to him by Mr. Nylander. 

As the work proceeded it became important to have lists of all the closely related species 
mentioned in American and European formations. In the preparation of these lists and the 
associated bibliography I had the valuable assistance of Mr. Carpel Leventhal Breger, who 
has also done an immense amoimt of enthusiastic work in recording the minute details of struc- 
ture of the species under investigation. 

In the preparation of the present paper it was originally intended to confine the study to 
an elaboration of the Chapman sandstone faunas alone, but comparison of species has led to 
the introduction of several species from closely related faunas, particularly those of the Moose 
River sandstone, of somewhat later age, exposed in Somerset County in central and northern 
Maine. Descriptions of a few of these species not previously named and described are included, 
but no attempt has been made to give an exhaustive account of the Moose River fauna. 

Several other Paleozoic faunas of Maine await elaboration and will furnish material for 
interesting monographs. 

Although it has been possible as a result of this work to throw some light upon the problem 
of correlation of formations on the two sides of the Atlantic, I fully appreciate that only a small 
beginning has been made. The present paper will, however, I think, serve to stimulate future 
paleontologists to continue this work and attain the rich residts which this line of investigation 
promises to yield. 

Note. — The omission of reference to much interesting literature bearing upon the correlation of the Chapman 
fauna now (1915) in the hands of geologists may be explained by the following statements: The manuscript of this profes- 
sional paper was mainly complete in the year 1906. Delay in publication led to the elimination of several chapters in 
1910, when it was entirely revised and prepared for publication. It has been in the custody of the Geological Survey 
since 1910, and it would require so much additional matter to properly discuss the questions which have arisen since 
the text was written that it has seemed best to print the paleontologic matter as it is and reserve for future diBcussion 
the correlation problems, which are still unsettled and upon which the fossils will throw new light. 

Henky S. Williams. 
Washington, March 5, 1915. 



THE FAUNA OF THE CHAPMAN SANDSTONE OF MAINE, mCtUDING 
DESCRIPTIONS OF SOME RELATED SPECIES FROM THE MOOSE 
RIVER SANDSTONE. 



By Henby Shaler Williams, assisted by Carpel Leventhal Bbeoeb. 



CHAPMAN SANDSTONE. 

The Chapman sandstone is exposed over a sxnall area in Chapman Township^ (T. 11, R. 3), 
Aroostook County, Maine, a few miles west of Presque Isle and south of Aroostook River. This 
exposure is shown on the accompanying geologic map (fig. 1) by the southern half of the sand- 
stone area west of Presque Isle, in the township marked "11-3." The northern part of the 
sandstone outcrop in Mapleton Township (T. 12, R. 3), marked " 12-3,'' is the Mapleton sand- 
stone. The two sandstone masses are separated by large knobs of andesite, marked ''3, 3, 3" 
on the map, two of which are known locally as Edmunds Hill and Hobart Hill. 

No contact of either of these sandstone masses with imderlying sedimentary rocks has 
been seen, but structurally they appear to have been deposited unconformably upon the Silurian 
limestone or shale beds of the region. The general dip of both sandstones is northwesterly, and, 
as I stated in a previous report' — 

« 

The Mapleton sandstones are believed to be of more recent age than the Chapman rocks but were probably con- 
tinuous with them* and the two may represent the base and succeeding strata of the Gaspe sandstone of Gaspe Peninsula. 

The Chapman sandstone includes at least 500 feet of medium fine grained brown to gray 
sandstone, in no place conglomeratic, much of it thick bedded, with some fine-grained shaly 
layers separating the beds. In these shaly sandstones occur most of the fossils, which are 
marine. Here and there fragments of plants (Psilophyton, etc.) appear in the sandstone. In 
the supposedly overlying Mapleton sandstone only plant fossils have been discovered. 

The typical exposure of the Chapman sandstone is along the east (right) bank of the south 
branch of Presque Isle Stream, about a mile from the south line of Chapman Township and 
about a mile west of Tweedys, on the road running southwestward from Presque Isle. The 
specimens from this locality are labeled 1099 A. The specimens labeled 1099 L came from a 
single sandy stratum 150 feet from the top of the exposure at which collection 1099 A was 
obtained. Collection 1099 J came from an outcrop about 2 miles west of the locality of collec- 
tion 1099 A, and collection 1099 K from a point 2 J miles west of the south branch of Presque 
Isle Stream. 

The fossils labeled 1099 C arc from the Chapman sandstone at the foot of Edmunds Hill, 
imderlying the andesite which forms the mass of that knob. Specimens from the taliis heap on 
the west side of Edmimds Hill are labeled 1099 M. 

The following list shows the species and varieties belonging to the Chapman f aima, the 
localities from which they came being indicated in the colimms on the right by letters which 
correspond to the letters distinguishing the collections mentioned above: 

1 Chapman Township was called Chapman Plantation on the map of Walling & Chace, published in 1862, which aooounts for the use of the 
term Chapman Plantation in some of the literature of later date. The areas appear to be the same. 
> Contributions to the geology of liaine: U. S. Geol. Survey Bull. 165, p. 88, 1900. 
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FlQOEE 1.— Map of Aroostook County volcanic area, Mains. Reprinted Iron] U . 8. Geol, Survey Bull. 16S, PI. IV. 



CHAPMAN SANDSTONE. 



Fauna of the Chapman sandstone. 



1. Pleurodictyum cf. P. problematacum Goldfuss 

2. Favositee sp. indet 

3. Comulites seipularius Schlotheim , 

4. Trachyderma (?GyTiclmite8) flpeciosa sp. nov 

6. Polyjwra cf. P. lUsea Hall 

6. Polypora cf. P. psyche Billings 

7. Lin^la minuscula sp. nov 

8. Orbiculoidea (Roemerella) discus Hall 

9. Crania sp. indet 

10. Leptostrophia^perplana (Conrad) 

11. Leptsena rhomooidalifi Wilckens 

12. Scnuchertella defonnis Hall. 

13. Hipparionyx ungiiifonnis Conrad 

14. Chonetes striatissimus sp. nov 

15. Chonetes novascoticus Hall 

16. Dalmanella planoconvexaHall 

17. Dalmanella cf. D. circularis Sowerby 

18. Dalmanella (Mystrophora) elevata sp. nov 

19. Stenoecisma formosa Hall 

20. Stenoecisma formosa Hall (young) 

21. Khynchonella cf. mainensis Bilmigs 

22. Eatonia singularis Vanuxem , 

23. Beachia chapmani sp. nov 

24. Megalanteiis sp.? 

25. Rensselaeria mainenaLs Williams 

26. Eunella ellsl (Clarke) 

27. Cyrtina heteroclita a var. nov 

28. Cyrtina rostrata Hall 

29. Spirifer concinnus Hall 

30. Spirifer cyclop terns Hall 

31. Spirifer sparsus Clarke 

32. >iucleospira ventricosa Hall 

33. Meristella cf . M. bella Hall 

34. Pentagonia (?) sp. indet 

35. Orthodesma carmifera sp. nov 

36. Grammysia aoadica Billings, \ar 

37. Grammysia elymelloides sp. nov 

38. Grammysia modiomorphse (Clarke) 

39. Physetomva sp. indet 

40. Elymella Iiamsi sp. nov 

41. Gloesites amnigenoides sp. nov 

42. Glossites barrandii sp. nov 

43. Gloesites cf . G. depressus Reed (not Hall) 

44. Cleidophorus curtus sp. nov , 

45. Cleidophorus perovalis sp. nov 

46. Myoplusia chapmani sp. nov 

47. Telhnites chapmani sp. nov 

48. Tellinites curta sp, nov 

49. Tellinites (Koenenia) gibbosa Croldfuss var. kayseri Beushausen. 

50. Tellinites gibbosa var. crassa Beushausen 

51. Paleoneilo (Ditichia) mainensis Clarke 

52. Paleoneilo (Ditichia) mainensis \imbonata var. nov 

53. Leda harrisi sp. nov 

54. Leda minuta sp. nov 

55. Nuculoidea cf. N. aquisgranensis Beushausen 

56. Nuculoidea bellatula sp. nov 

57. Nuculoidea cordata sp. nov 

58. Nuculoidea trigonale sp. nov 

59. Actinopterella aroostooki (Clarke) 

60. Actinopterella aroostooki erecta var. nov 

61. Actinopterella aroostooki planicosta var. nov 

62. Actinopterella concentrica sp. nov 

63. Actinopterella radialis (Clarke) 

64. Actinopterella sp, fi 

65. Actinopterella sp. t* 

66. Actinopterella sp. ^ 

67. Pteromtella quadrata sp. nov 

68. Limoptera Dauciradiata chapmani var. nov 

69. Preavicula breva sp. nov 

70. Preavicula oblonga (Hall) gen. nov 

71. Leiopteria riesiana sp. nov 

72. Myalina maur^riana sp. nov 

73. Myalina maureiiana lata var. nov 
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Fauna of the Chapman tarulsUme — Continued. 



74. 
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Myalina maureriana pterinfidoides (Clarke) 

Conocardium? dubia ep. nov 

Modiomorpha aroostook sp. nov 

Modiomorpha cf . M. protea Clarke 

Modiomorpha sp. indet , 

Modiomorpha (cf . Endodesma) chapmani sp. nov 

Goniophora kayseri sp. nov 

Goniophora <o sp. nov 

Sphenotomorphia rip:idula gen. et sp. nov 

Cimitaria chapmam sp. nov 

Anodontopsis maccoyiana sp. nov 

Schizodus? prunum sp. nov 

Schizodus? sp. indet 

Cypricardella bellatula sp. nov 

Cypricardella cf . C. bicostula Krantz 

Cypricardella rotundata sp. nov 

Cypricardella transversa sp. nov 

Faracyclas bulloides sp. nov 

Palfleosolen chapmani sp. nov 

Platyceras (Orthonychia) aroostooki sp. nov 

Platyceras (Orthonychia) compressa sp. nov 

Platyceras chapmani sp. nov 

Platyceras edmundi sp. nov 

Platyceras ^Orthonychia) hebes Clarke 

Platyceras (Orthonychia) hebes var. a 

Platyceras (Orthonychia) hebes var. ^ 

Strophostylus sp. d S. globosus Hall 

Bellerophon (Piectonotus) trilobatus Sowerby 

Tropidodiscus obex Clarke 

Tropidodiscus minimus americanus var. nov 

Mesocoelia tenuella sp. nov 

Mesocoelia? sp. (near M. compactaHall; 

Coelidium cf . C. planogjrratum Hall 

Goniostropha chapmam ro. nov 

Pseudotectus hitcncocki Clarke 

Pseudotectus? deciduus sp. nov 

Pseudotectus^?) sp. indet 

Holopea ( Auriptvgma) beushauseni Clarke 

Tentaculites schlotheimi Koken 

Orthoceras sp. (? O. norumbegse Clarke) 

Homalonotus laticaudatus sp. nov 

Homalonotus vanuxemi Hall 

Phacopidella chapmani sp. nov 

Dalmanites (? Synphoria) a sp. nov 

Dalmanites (? Synphoria)^ j5[ sp. nov 

Zygobeyrichia extrema Ulrich 

Zygobeyrichia apicalis Ulrich 

Zygobeyrichia devonica Jones and Woodward 

Ctneobolbina (?) cornuta Ulrich 

Asterolepis clarkei Eastman 

Psilophyton princeps? Dawson (not with marine fossils) 
Indeterminea wood stems (not with marine foesUfl) 
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During the preparation of this report the State geologist of New York, J. M. Clarke, 
described a number of the species belonging to the Chapman fauna,^ giving them specific 
names. Some of these species are identical with those for which my descriptions had already 
been written; for them Clarke's names have been substituted. Others imperfectly diagnosed 
by Clarke have been described in the present text. In the following list all these species are 
cited with references to the pages in Clarke's report where they are discussed. The names 
indented in the list are those assigned by Clarke to species herein described under different 
names, which are also given. This list and the one preceding comprise all the species known 
to belong to the Chapman fauna at the date of completion of this report. 

1 Clarke, J. M., Some new Devonlc fossils: New York State Mus. Bull. 107, pp. 153-291, May, 1907. 
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SpeeUsfrom Chapman Toumship described by J. M, Clarke, 1907. 

Pace in 
«<i— im^M mn- aarke's 

report. 

1. Phacop^ (Phacopidella) nylanderi Clarke 166 

2. Tentaculitefl scalaris Schlotheim (see T. schlotheimi Koken of present report, p. 283) . 174 

3. Orthoceraa norumbegae Clarke 177 

4. Platyceras hebes Clarke (see P. (Orthonychia) hebes of present report, p. 260) 185 

5. Platyceras kahlebergenalB (Beushausen) (see P. chapmani sp. nov. of present report, 

p. 259) 185 

6. Loxonema of. funatum (A. Roemer) (possibly L. jerseyense Weller) 186 

7. Holopea beushauseni Clarke (see H. (Auriptygma) beushauseni of present report, 

p. 281) 188 

8. TropidodiscuB obex Clarke (see present report, p. 270) 193 

9. Pterinopecten aroostooki Clarke (see Actinopterella aroostooki of present report, p. 187) . 199 

10. Pterinea chapmani Clarke (apparently a species of Actinopterella) 203 

11. Pterinea edmundi Clarke (see Actinopterella aroostooki of present report, p. 189) 203 

12. Pterinea edmundi var. subrecta Clarke (see Actinopterella aroostooki var. erecta of 

present report, p. 189) 204 

13. Pterinea brisa Clarke (apparently a species of Limoptera) 208 

14. Modiomorpha vulcanalis (^larke (apparently a member of the Cyrtodonta group, also in 

part the Modiomorpha aroostooki of present report) 219 

15. Modiomorpha protea Clarke (see present report, p. 219) .220 

16. Grammysia modiomorphse Clarke (see present report, p. 138) 221 

17. Spirifer aroostookenais Clarke 258 

18. Spirifer macropleuroides Clarke 259 

19. Chonetes aroostookensis Clarke (see C. novascoticus Hall of present report, p. 45) 264 

20. Chonetes paucistria Clarke 266 

21. Leptostrophia magniiica Hall, protype parva Clarke (see L. perplana (Conrad) of 

present report, p. 27) 274 

22. Hipparionyx minor Clarke (see H. unguiformis (Conrad) of present report, p. 41) 278 

23. Dalmanella drevermanni Clarke (see D. planoconvexa Hall of present report, p. 57). . . 286 

Preiqiie Zile Stxeam. 

Holopea beushauseni Clarke (see No. 7 above) 188 

24. Coelidium tenue Clarke (see Mesocoelia tenuella of present report, p. 273) 190 

25. Eotomaria hitchcocki Clarke (see Pseudotectus hitchcocki of present report, p. 278). . 190 

26. Pterinea cf. faaciculata Goldfuas (see Actinopterella concentrica sp. nov. of present 

report, p. 190) '. 204 

27. Pterinea radialis Clarke (see Actinopterella radialis (Clarke) of present report, p. 184). 207 

28. Pteronitella peninsuke Clarke (see Actinopterella radialis (Clarke) of present report, 

p. 184) 212 

29. Myalina pterinseoides Clarke (see M. maureriana sp. nov. var. pterinseoides of present 

report, p. 215) 213 

Modiomorpha protea (Uarke (see No. 15 above) 220 

30. Leptodomus conunun'is Clarke 224 

31. Leptodomus corrugatus Clarke 224 

32. Paleoneilo mainensis Clarke (see P. (Ditichia) mainensis of present report, p. 168). . . . 230 

33. Palsoneilo circulus Clarke (see Tellinites gibbosa var. kayseri Beushausen of present 

report, p. 165) 231 

34. Nucula cf. N. krachtce A. Roemer (possibly Myoplusia chapmani sp. nov. of present 

report, p. 162) 232 

35. Paleosolen simplex Maurer (Chapman specimens are the young of P. chapmani, p. 251) . 235 

36. Rensselaeria atlantica (Uarke (see R. mainensis of present report, p. 72) 243 

37. Spirifer subcuspidatus var. latfilncisus Scupin (see S. concinnus Hall of present report, 

p. 80) 254 

38. Spirifer cymindis Clarke (see S. cyclopterus Hall of present report, p. 88) 255 

39. Spirifer cymindis var. 9parsa Clarke (see S. sparsus of present report, p. 105) 257 

Examination of the lists of species shows that two somewhat distinct faunules are recog- 
nizable in the general Chapman sandstone collections. One of these faunules comprises the 
faunal aggregates from Edmunds Hill (locaUties 1099 C and 1099 M) and the other the collec- 
tions from Presque Isle Stream and the region to the west (localities 1099 A, 1099 L, 1099 J, 
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and 1099 K). As the general inclination of the beds over Chapman Township is northerly, it 
is probable that the Edmunds Hill f aunule is from a zone stratigraphically higher than the beds 
on Presque Isle Stream, although it is possible that faulting may disturb the succession. Of the 
127 species and varieties described in the present report 66 are peculiar to the Edmunds Hill 
f aunule, 48 are peculiar to the beds along Presque Isle Stream, and 13 are species common to 
both. Thirty-five Chapman species have been recognized elsewhere. 

SPECIES FROM MOOSE RIVER SANDSTONE. 

In preparing descriptions of the Chapman sandstone fauna, specimens of allied faunas 
were brought in for comparison. Some of these it was found desirable to describe and illus- 
trate in order to make clear the relation of the normal species of the Chapman fauna to the 
allied species of the same genetic series. Some of these extraneous fossils are well-known 
landmarks in the stratigraphic column and serve to indicate the relation of the fauna in which 
they occur to that of the Chapman sandstone. Most of these closely allied forms come from the 
formation known as the Moose River sandstone, which outcrops west of the region of the Chap- 
man sandstone in Somerset Coimty. 

Study of this Moose River fauna leads to the opinion that it is of later age than the Chap- 
man sandstone f aima. The Moose River sandstone contains several species common to the f aima 
of the Oriskany sandstone of New York State and the Appalachian region. It also contains 
Spirifer gaspensis Billings and some lameUibranchs which suggest that it has affinity with 
the fauna of the "Unter-Coblenzian'' of the Rhenish Lower Devonian. 

The principal fossil locahties of the Moose River sandstone are given in the following ust. 
Most of these collections were made by Gilbert Van Ingen in 1889 for the United States Geo- 
logical Survey and were roughly identified in preliminary lists made by me and published in 
1909.^ 

1059 C. Parlin Pond. A section beginning on ParUn Stream at the middle dam, where the stream nms more than 
a mile over the sandstones and shales of the Moose River formation. 

1059 D. Jacknum farm. A section on Canada Road, in the town of Jackman, 10 miles south of Moose River settle- 
ment and 5 miles north of Parlin Pond. 

1059 D 1. A section on the east side of Canada road, at Bean Brook, 3 miles north of Parlin Pond Hotel. 

1060 A. Ledges at the northwest end of Long Pond, forming islands in the lake. 

1060 B 4. A ledge on the south shore of Long Pond, 5) miles west of the outlet. 

1061 A. A section on the south shore of Little Brassua Lake, along the Canadian PaciHc Railway, beginning at 
milepost 237 and extending southward. 

1061 B 1. A hard, tough sandstone, with shaly partings, on Stony Brook. 
1062. Exposures on shores and islands of Big Brassua Lake. 

1062 B. Brassua Stream, extending upstream from a point 2 miles above the lake. 
1062 A 1, B 2, B 6, B 7, C 3. Outcrops along Brassua Stream. 

1100 A. Detroit. 

All the foregoing fossil localities of the Moose River sandstone are in Somerset County, 
Maine. The collections from Detroit, Maine, were furnished to the Geological Survey by Mr. 
Harold Prince, a resident of that village. According to Mr. Prince, "some were foimd in the 
ledge on Parlin Stream, 1 J or 2 miles below Parlin Pond, Somerset County, Maine; the others 
were found in drift rock at various points in an almost direct line from Parlin Pond to Detroit, 
in the southeast corner of the county. The larger brachiopods (Chonetes and Leptostrophia) 
were found in drift at the Forks Plantation." 

In the present paper reference is made to the following species from the Moose River 
sandstone of Somerset County: 

Locality 1062. Brassua Stream: 

Schuchertella woolworthana (Hall); p. 34, PI. Ill, fig. 10. 

Spirifer duodenarius Hall; p. 104, PI. IV, figs. 3, 4. 
Locality 1061. Little Brassua Lake: 

Spiriier gaspensis Billings; p. 107, PI. IV, fig. 7. 

^Williams, H. S., and Gregory, H. E., Contributions to the geology of Maine: U. S. Geol. Survey Bull. 165, pp. 88 et seq., 1900. 
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Locality 1100 A. Parlin Pond, or in drift between pond and Detroit: 

Leptostrophia perplana (Conrad); p. 27, PL VIII, figs, 1, 2, 4, 5, 16; PL XI, fig. 17. 

Chonetes novascoticus var. canadensis Billings; p. 45, PL XI, fig. 16; PL X, figs. 30, 31; PL IX, figs. 20, 21. 

Chonostrophia complanata (Hall); p. 55, PL X, fig. 4. 

Spirtfer arenosus Conrad; p. 84, PL II, figs. 15, 16, 19, 21; PL V, fig. 18. 

Spirifer murchisoni Castejnau; p. 95, PL I, figs. 3, 10, 23, 26, 26; PL II, fig. 9. 

Antispirifer harroldi gen. et sp. nov.; p. 116, PL V, figs. 1-13. 

LeptocoeUa flabellites (Conrad); p. 120, PL V, figs. 1^-30. 

Grammysia (Grammysioidea) princiana sp. nov. ; p. 136, PL XX, fig. 8. 

Cjrpricardites detroitense sp. nov. ; p. 155, PL XXIII, figs. 14, 15. 

FoUmanneUa mainensis (Clarke); p. 179, PL XVI, figs. 1-6; PL XVII, figs. 1-11, 

Actinopterella tenuiradiata sp. nov. ; p. 191, PL XVII, ^. 18. 

Megambonia cardiiformis Hall; p. 199, PL XXIV, fig. 4. 

Megambonia cardiiformis var. parviuscula var. nov. ; p. 201, PL XIX, fig. 23. 

Platyoetoma ventricosum; p. 262, PL XIII, figs. 15, 18. 

Patellostium revolvens sp. nov.; p. 265, PL XIV, figs. 14, 15, 20, 27. 

Plectonotus trilobatus (Sowerby); p. 266, PL XIV, fig. 19. 

Tropidodiscus somerseti sp. nov. ; p. 271, PL XIV, fig. 22. 

Loxonema welleriana sp. nov.; p. 279, PL XIII, figs. 2, 3, 5. 

Loxonema jerseyense Weller; p. 280, PL XIII, figs. 1, 4. 

Tentaculites schlotheimi Koken; p. 283, PL XIV, figs. 23, 24; PL V, fig. 30. 

Tentaculitee cf. elongatus Hall; p. 284, PL XIV, fig. 26. 

OTHER FOSSIIiS DESCRIBED IN THIS REPORT. 

In addition to the material from Moose River sandstone referred to above, specimens 
txom other localities and formations are figured and discussed in the text, as follows: 

Dennys River, Eastport quadrangle, Washington County, Maine, from the Pembroke formation: 

Chonetes baatini Williams, p. 48; PL VIII, fig. 25. 
St. Helens Island, near Montreal, Canada, from a limestone breccia, some of the limestone fragments of which contain 
Helderbei^, others Oriskany, and still others later fossils: 

Spirifer concinnus Hall; p. 80, PL II, fig. 4. 

Spirifer montrealensis sp. nov.; p. 113, PL I, fig. 2; PL II, figs. 2, 18. 
Kayser, Mineral County, W. Va. (Oriskany): 

Spirifer arenosus Conrad; p. 84, PL III, fig. 1. 

Spirifer arenosus var. simplex var. nov. ; p. 86, PL III, figs. 2-4, 7, 12. 
Covington, W. Va. (Oriskany): 

Spirifer concinnus Hall; p. 80, PL III, fig. 5. 



SPECIES OF THE CHAPMAN FAUNA AND A FEW RELATED FORMS 

FROM OTHER FORMATIONS. 



COSLENTERATA. 

The Chapman fauna is evidently of marine habitat, but it is remarkably lacking in definite 
traces of Coelenterata. The only forms that can be referred to that subkingdom are a few traces 
of the peculiar fossils which have for a long time been widely known under the name Pleura- 
dictyum problematicum Goldfuss and a sandstone mold which is referred with doubt to Favosites; 
they are described beyond. Both of these genera are consistent with the other genera of the 
fauna in locating it stratigraphicaQy in early Devonian time. The Pleurodictyum is significant of 
Lower Devonian (Gedennian, Taunusian, and Coblentzian) affinities in Europe, though its range 
in North America has been supposed to be scarcely lower than the Onondaga C'Comiferous'') 
limestone. The small size of the Chapman form may signify either new and imfavorable 
environment or simply an early stage of evolution of the type. Whichever interpretation is 
given, the evidence points toward affinities with the Eo-Devonian faunas of Europe rather than 
with the Meso-Devonian faunas of the interior of North America or with the Silurian. 

Sabbranch CITIDABIA. 

Class ANTHOZOA, 

Subclass HEXACORALiIiA Haeckel. 

Family FAVOSITIDiE Milne-Edwards and Halme. 

Genua PLEX7BODICTYT7M Ooldfuaa 1820. 

PlEIJRODICTYXJM cf . P. PROBLEMATICUM GoldfuSS. 

Plate XXIV, figure 2. 

A single small specimen, internal mold (magnified 2 diameters in fig. 2 of PI. XXIV), 
shows the typical characters of Pleurodictyum. It has a smaU corallum; greatest diameter 
14 millimeters. CoralUtes numerous (more than 70 can be coimted on the specimen) and 
irregularly prismatic in form, with tubular pores connecting the neighboring coraUites. The 
small-sized corallum and larger number of coraUites distinguish it from the ordinary forms, as 
described, of P, problematicum, owing to the imperfect knowledge of Goldfuss's types and the 
loose usage of the specific name. We propose for our material the name Pleurodictyum cf . 
P. problematicum Goldfuss. 

Locality: Chapman sandstone, Presque Isle Stream, Chapman Township, Aroostook 
County, Maine. 

U. S. National Museum, catalogue No. 59681. 

Genufl FAVOSITES Lamarck. 
Favosites ( ?) sp. indet. 

Plate XXII, figure 16. 

The specimen figured appears to be a sandstone mold of the exterior surface of a hemi- 
spherical coral, the only structure evident being the subcorneal rotmded fillings of what are 

14 
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interpreted to have been the open ends of the cells of some such coral as Favosites helderhergim 
Hall. In the original the axis of the cells opened obUquely to the surface. As well as can be 
estimated from the molds the cells were not more than 2 millimeters in diameter, but the coralla 
evidently attained a large size. 

Locality: Chapman sandstone, west side of Edmimds Hill, Chapman Township, Aroos- 
took County, Maine. 

U. S. National Museum, catalogue No. 59682. 

VERMES. 
Suborder TUBICOIiA (SEDENTARIA). 
GenuB COBNUUTES Bchlotheim. 

CoBNULrnss serpulabius Schlotheim cf. var. major Barrande. 

Plate XIV, figure 25. 

cf. 1867. ComtUites major. Barrande, Systdme silurien du centre de la Boh^me, vol. 3, p. 174, pi. 16, fig. 13. 

Galcaire moyen, ^tage F: Konieprus and Mnienian, Bohemia. 

Bande inferior f ^: Lochkov, Bohemia. 

Bande superieure e': Lodenitz and Lifitice, Bohemia, 
cf. 1888. ComuliUs major. Hall, Paleontology of New York, vol. 6, pt. 2, supplement, pi. 116 (A), fig. 14. 

A complete synonymy of the various fossils called Comvlites serprdaviua by authors has 
not been attempted, but the following hst includes most of the more important references: 

1820. Comulites serpularitu. Schlotheim, Petrefaktenkunde, p. 378, pi. 29, fig. 7. 

'"Transition limestone": Gotland, Baltic Sweden. 
1834. Comulitea serpularius. Kloeden, Versteinerungen d. Mark. Biandenbuig, p. 227, pi. 3, fig. 13. 

Glacial-drift bowlders: Mark. Brandenburg, Germany. 
1839. Comulitea serpularitLS. Sowerby, in Murchison, The Silurian system, p. 627, pi. 26, fig. 5. 

Wenlock shale: Western slopes of the Malvern Hills, Dudley, England. 
1845. Comulitea aerpulariua. Murchison, De Vemeuil, and Keyserling, Russia and the UralB, vol. 2, p. 27, pi. 27, fig. 10. 
1851. Comulitea aerpulariua. McCoy, in Sedgwick and McCoy, British Paleozoic rocks and fossils, p. 63. 

Upper Ludlow quartzite: Benson Knot and Brigsteer, Kendal, Westmoreland, England. 

Wenlock limestone: Dudley, England. 
1854. Comulitea aerpulariua. Keyserling, Soc. g6ol. France Bull., 2d ser., vol. 11, p. 152. 

Neo-Silurian: Esthonia, Baltic Russia. 
1859. Comulitea aerpulariua. Salter, in Murchison, Siluria, 2d ed., p. 221. 
1865. Comulitea aerpulariua. Kjerulf, Veiviser ved geologiske Excursioner i Christiania, pp. 17, 23, 27. 

Malmd limestone ^tage 8/9 [Aymestry]: Malmd, Norway. 

Lower Malmd group ^tskges 6 and 7 [Eo-Silurian]: Christiania region, Norway. 

Oscarshall limy sandstone 6tage 50- [basal Silurian or*Neo-Ordovician]: Hu6berg0en, Norway. 
1872. Comulitea aerpulariua. Nicholson, Am. Jour. Sci., 3d ser., vol. 3, p. 202, figs, la, lb. 

Wenlock limestone: Dudley, England. • 

1876. Comulitea propnua. Hall, New York State Mus. Nat. Hist. Twenty-eighth Ann. Kept., advance ed., pi. 31, 
figs. 1-13; public ed., 1879, p. 182, pi. 31, figs. 1-13. 

Waldron beds: Waldron, Ind. 
1881. Comulitea propnua. Hall, Indiana State Geologist Eleventh Ann. Rept., p. 327, pi. 32, figs. 1-13. 

Waldron beds: Waldron, Ind. 
1888. Comulitea propriua and aerpulariujt. Hall, Paleontology of New York, vol. 5, pt. 2, supplement, pp. 8, 21; pis. 
115, 116, 116 (A). 

Wenlock limestone. See Sowerby 's localities, 1839 . 

Waldron beds: Waldron, Ind. 
1905. Comulites cf . aerpulariua. Williams, U. S. Geol. Survey Prof. Paper 35, p. 22. 

Upper Silurian: Whitings Bay, Maine. 

Some poorly preserved fragments which are apparently too large and somewhat too 
irregular in growth to belong to Tcntacuhtes are referred to Soldo theim^s species. 

Tube a very gently tapering one, very nearly or quite straight; annulated; free (except 
perhaps in infancy); cross section elliptical. The sides of the cone converge very slightly; 
in a length, of 6 millimeters the larger diameter has been observed to expand from 3.85 to 4.65 
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millimeters. In this length ten annulations occur. In a second specimen from the same layer 
of rock the larger diameter of the elliptical cone expands 3.9 to 4.8 millimeters in a distance 
of 5.8 millimeters; six annulations were coimted. In the latter specimen, the internal mold 
figured, the annulations when examined closely are seen to bear a resemblance to the trun- 
cated broad ends of overlapping cones which have the apices directed toward the distal or 
broader end of the shell. The annulations are slanting or twisting, less frequently transverse; 
they are subequidistant. Finer surface markings not preserved. 

The Chapman ComuUtes diflFer from the ordinary Helderberg and Oriskany Comulites 
in their larger size and in being free. The ComuUtes hitherto known in North America from 
these formations comprise the following: 

1860. Comulites flexuoms var. gracilis. Hall and Dawson, Canadian Naturalist, vol. 5, no. 2, pp. 140, 155. 

Oriskany iron-ore beds: Nictau, Nova Scotia. 

Arisaig and Stonehouse [Upper Ludlow] formations: Arisaig, Nova Scotia. 
1888. ComtUites chrysalis. Hall, Paleontology of New York, vol. 5, pt. 2, supplement, p. 20, pi. 116, figs. 26-28. 

Helderbeig [New Scotland] shaly limestone: Near Clarkesville, Albany County, N. Y. 
1888. Comulites cingulatus. Hall, idem, p. 20, pi. 116. 

Helderberg: New York State ("locality doubtful"). 

Oriskany, Becraft Mountain, Columbia County, N. Y. 

The Chapman specimens resemble very closely Barrande's Comulites major, which diflFers 
from the normal Comulites serpularius chiefly in its size, straighter form, and more regidar 
and closely set annulations. In the Pembroke fauna of the Eastport quadrangle, Maine, the 
genus Comulites attains a profuse and varied development, representing several large species, 
one of which resembles the Chapman sandstone form. 

There is also a similarity between the Chapman Comulites and certain free forms classed 
as TentacuUtes, particularly the Oriskanian Tentacviites elongaius Hall. This TentacuUtes is 
very commonly somewhat flexuous,^ especially in the juvenile portion and in many specimens 
the annulations are not strictly transverse. 

LocaUty: Chapman sandstone, Edmunds Hill (locahty 1099 C), Chapman Township, Aroos- 
took County, Maine. 

U. S. National Museum, catalogue No. 59683. 

Genua OBTONIA Nicholson. 

The genus Ortonia was founded in 1872 by Nicholson' to include fixed, adherent, conical 
calcareous tubes which are attached along the whole of one side to some foreign body, tjrpicaUy 
a brachiopod or moUusk. The tubes are generally loosely gregarious, several occurring together 
on a foreign surface, but they are not in contact with one another except by accident. Hall 
in 1888 ' showed that this is one of the growth stages assimied by Comuhtes. To represent 
this mode of growth in Cornuhtes the term Ortonia may be retained, but it is not strictly 
of generic value. 

CoRNULrrEs (Ortonia) mainensis sp. nov. 

Plate XIV, figure 29. 

Tubes conical, slightly flexuous, annulated exteriorly, interior smooth or with only obscure, 
transverse, distant striae, elevated on the internal mold. Annulations on the exterior some- 
what obUque. Surface covered with very fine longitudinal lines. The specimen shows eight 
tubes radiating from an approximately common center. All are attached throughout their 
length to a large Leptostrophia. The tubes are about 7.5 millimeters long; the width at the 
aperture is 2 millimeters. The surface annulations are fine, even, and closely set; they are 
distinct and even in the earUer portion of the tubes, but near the aperture become more uneven, 
more distant, and imequally so and somewhat more oblique. The annulations are in the form 

1 Consult Weller, Stuart, Paleontology of New Jersey, vol. 3, Paleozoic faunas, pi. 50, figs. 4, 5, 1903. See also Clarke, J. M., New York State 
Mus. Mem., vol. 3, No. 3, pi. 3, figs. 8, 9, 1900. 

* Oeol. Mag., vol. 9, 1872 ; vol. 10, 1873. 

* Hall, James, Paleontology of New York, vol 5, pt. 2, supplement, p. 20, 1888. 
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of the exposed ends of overlapping cones, but these cones are directed with their apices toward 
the apex of the tube, the reverse of their direction in Comvlites aerpvlarius. The radiate or 
longitudinal strisB are rather obscure but are evidently present. 

Locality: Moose River sandstone, Detroit, Somerset County, Maine. 

U. S. National Museum, catalogue No. 59684. 

Comparnsons. — ^A solitary Comulites cingulatus foimd incrusting an Orthothetes in the 
Oriskany of Becraft Mountain, N. Y.,* bears close resemblance to this species. Comulites 
cingvlatus HaU, in its small size, incrusting habit, and constant irregularity in the distal annula- 
tions, strongly resembles Ortonia mainensis, but HalVs species is a solitary form and typically 
incrusts a bryozoan, whereas the Maine specimens are loosely gregarious upon brachiopod 
shells. A still more important distinction is that the Ortonia described above is nearly smooth 
on the interior, whereas ComvlUes cingvlatus is annulated on the interior. 

There is a close resemblance between our specimen and the Ortonia described and figured as 
Comvlites Jlexuosus Hall.* This form, which occurs in the Ordovician, has the conic annulations 
on the exterior surface reversed in direction as in the Maine Ortonia. Both incrust stropho- 
menoid brachiopods, and apparently the only observable distinctions between these two species, 
so greatly removed stratigraphically are of minor importance. The Maine species has the distal 
annulations more distant when compared with the youthful stage of the shell, indicating irregu- 
larity of growth at maturity or senility. This character is seemingly not so well developed in 
the Trenton Comulites {Ortonia) flezuosa, which is also not quite so smooth on the interior as 
Ortonia mainensis. 

The only Devonian Ortonia hitherto known, 0. intermedia Nicholson,' is more r^ularly 
annulate and has a thicker shell. 

GenuB TBACHYDEBMA PhiUips. 
Genua GYBICHNITES Whiteaves. 

The genus Trachy derma was foimded by Phillips * in 1848 to include annelidan remains 
diflFering from the common Serpulidse in having a large, long, flexible, free tube or epidermis 
which is coriaceous, not calcareous. The tubes, which occur parallel to the bedding, are in 
described forms of Trachyderma from 5 to 25 millimeters thick, cylindrical through by far the 
greater part of their length, bluntly tapering at the extremities, and covered with raised 
transverse markings. 

In the type species, Trachyderma coriacea Phillips, these transverse annulations are 
sharply elevated and bifurcate, with branches which reimite along certain longitudinal bands; 
but such highly developed bands are absent in many of the other species referred by authors 
to Trachyderma. In the latter, also, the transverse markings are less regular and much less 
highly developed. In Trachyderma coriacea, furthermore, there is what appears to be a small 
but sharply differentiated head. The presence of this head and the peculiar characters of the 
raised annulations, which resemble the vascular system of the lower worms, show that the 
type species, Trachyderma coriacea, not only in size but in "preserved characters differs widely 
from T. squamosa. The second species described, Trachyderma squamosa, represents a much 
more conmion form, which was first figured and described by Sowerby. It is conceivable that 
the typical Trachyderma of Phillips is a young complete form, of which the species T sgua- 
mosa is an adult skin lacking head and tail; but as fossils these two species are quite distinct, 
and the Chapman forms belong to the squamosa group, as represented by the following specie: 

1839. Serpulites longissimus. Sowerby, in Murchison, The Silurian system, pt. 2, p. 608, pi. 5, fig. 1. "Locality, 
Ludlow, very abundant, Kingston, Herefordshire, and very generally throughout the upper Ludlow Kock of 
Salop, Hereford, Radnor," etc. 

1 Clarke, J. li., New York State Mus. Mem., vol. 3, No. 3, pi. 2, fig. 35, 1900. 

* Hall, James, Paleontology of New York, vol. 5, pt. 2, supplement, pi. 115, figs. 41-42, 1888,— TentaculUea (7) flexuoaa Hall, idem, vol. 1, p. 92, 
pi. 29, fig. 6; p. 284, pi. 78, fig. 2. 

> Nicholson, H. A., Paleontolc^y of Ontario, 1874, p. 122. The species is from Arkona, Canada West, in beds containing a Hamilton fauna. 

* Phillips, John, The Malvern Hills compared with the Paleozoic districts of Abberley, etc., with paleontological appendix: Mem. Geol. Survey 
Great Britain and Mus. Pract. Geology in London, vol. 2, pt. 1, pp. 230, 331, pi. 4, 1848. 

50245^*— No. 8S>— IG 2 
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1848. Trachyderma sqtuimosa. Phillips, op. cit., p. 332, pi. 4, figs. 3, 4. 

1858. Trachydermu (?) depressa. Giebel, Silur. Fauna d. Unter-Harz, p. 15, pi. 6, fig. 10; as Serpulites depresms. See 

also Kayser, Emanuel, Die Fauna der a.ltc*8ten Devon-Abla^rungen des Harzes, p. 48, pi. 34, fig. 13, 1878. 
1864. Trachyderma serrata. Salter, Geol. Soc. London Quart. Jour., vol. 20, p. 290, pi. 15, fig. 9. 
1900. Trachyderma (?) cUvrhii. Prosser, New York State Geologist Seventeenth Ann. Kept., pp. 149-150, pi. 6; as 

Planolites clarhii. 

This group, in which the species from Maine is included, is characterized by the absence ( ?) 
of a distinctly demarcated head, no traces of whose possible presence have yet been observed. 
Longitudinal bands are also absent. The tube was coriaceous, large, long, free, flexuous, 
cylindrical; apparently not penetrating or crossing the bedding planes; more or less distinctly 
marked on the surface by transverse raised wrinkles or annulations. 

That this group represents some annelidan tube and is not a "trail" is shown by the 
completely cylindrical outline; and that it is not a burrow is proved by its nearly constant 
occurrence paraQel to the bedding planes of the rock. All the described species of Trachy- 
derma from the Silurian and Devonian are recorded as being parallel to the bedding planes; 
but Salter * mentions a chitinous tube which he saw in Ordovician rocks erect and perpen- 
dicular to the bedding planes. 

Some large trails, supposedly annelidan, from the lower part of the Gaspe sandstone, 
Gaspe, Quebec, were described by W. E. Logan in 1863. At a height of 1,100 feet above 
the Gaspe limestone several successive surfaces in slabs of sandstone " are marked by serpen- 
tine impressions, about an inch wide, deeply grooved into the stone, marked by small parallel 
transverse furrows which are about a quarter of an inch apart. These are perhaps worm 
tracks, and are associated with a few bivalve shells of the genus Rensselaeria, probably R. 
ovoides.^' ' These supposed tracks were subsequently figured and described as Gyrichnitea 
gaspensis gen. et sp. nov.' According to Whiteaves's photographs of slabs of these remains 
the trails are only 12 to 15 millimeters in diameter, rather than an inch, as estimated by 
Logan. The annulations are strongly elevated, rounded, transverse, or more often somewhat 
oblique, about a third as wide as the interspaces, and from 10 to 14 have been counted in a 
length of 60 millimeters. 

Whether Gyrichnitea gaspensis represents "trails" or actual cylindrical tubes of Annelida 
could be definitely ascertained by examining both sides of split slabs bearing these fossils and 
noting whether the cross section is circular and closed or semicircular or crescentic and open 
above. This has apparently not yet been done. If it could be thus definitely shown that these 
fossils are really annelidan tubes (which appears very probable, judging from the depth of the 
impressions) and not trails, the group of species described above as Trachyderma of authors 
would find a place more easily under Gyrichnites. 

The finding of this form, whether it be regarded as specifically or only generically related 
to the species described by Sowerby and Phillips, is interesting as showing affinity between 
the faunas of Arisaig, the Upper Ludlow of England, and the Chapman of Maine. 

In the upper beds of the series -along the north shore of Nova Scotia at Arisaig I have seen 
several specimens closely allied to Serpvlites longissimus Sowerby. Fragments of them were 
obtained, but the better specimens could not be removed with the tools at hand. The black, 
shining appearance of the specimens indicated original leathery or chitinous skin, which was 
buried and crushed in the process. 

In the Jermyn Street Museum, London, are several specimens, no two exactly alike. . The 

larger forms are from one-third to one-half inch wide, with wrinkles crossing the center as if 

they had shrunk in drying and a stiffening of the edges indicating a sheath of some thickness. 

All these characters indicate close aflSnity, and the specimen from the Chg^pman sandstone 

IX 
closely resembles them. In the Jermyn Street Museum the specimen marked -j- 18 is labeled 

IX IX 

Serpulites longissimus; other specimens, marked -a- 21 and -^ 22, both from the Lower Ludlow, 



» Geol. Soc. London Quart. Jour., vol. M, p. 290, 1864. » Whiteaves, J. F., Roy. Soc. Canada Trans., 1882, p. 109, pis. 11, 12. 

> Geology of Canada, 1863, p. 390. 
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IX 

are labeled SerpvMtes longiasimus; and specimen -^ 24 is called Trachyderma squamosa^ but all 

four are much alike. Trachyderma corixicea is represented by specimens 48 and 49 of ^. 

As defined by Phillips it shows appearance of a head part, differing in this respect and in size 
from the larger form Trachyderma squajnosa, specimens of which are marked 52, 53, and 54. 
In the latter set the cross wrinkles vary greatly in width, showing probably that the width 
and frequency of the wrinkles, though in a general way signifying the state of flexibility of the 
skin, were variable. 

In the South Kensington Museum are several specimens of Trachyderma. squarrwsa from 
the Wenlock and Aymestry and of T, coriacea from the Upper Ludlow. 

Both of these species are in collections of the Upper Ludlow in the Sedgwick Museum of 
Cambridge, where the larger specimens are labeled Serpvlites longissimus and the smaller form 
Trachyderma coriacea. In the Cambridge Museum, also, is a slab with Orthoceraa tenuicinctum 
from the Upper Ludlow, Woolhope, on which is a fragment much like Tra/^hyderma squaTnosa, 

The Chapman specimen can be distinguished from any of the individual specimens from 
the Ludlow beds of Great Britain, but the discovery of the species in America only in the far 
eastern outcrops of Arisaig and Maine points to common origin for the North American and 
European forms of this pecuUar fossil. 

Trachyderma ( ? Gyrichnites) speciosa sp. nov. 

Plate XXII, figure 20. 

Aimelidan tube large, cylindrical, not calcareous, free, prostrate, not penetrating across 
the bedding planes, so far as is apparent. Tube curved, 9} to 9} millimeters wide, marked on 
the surface by transverse, parallel, low, roimded, raised annulations from two-fifths to three- 
fifths as wide as the intervening grooves; nine such grooves have been counted in a length of 
45 millimeters. The single specimen, forming a central fragment in external molds, is 85 milli- 
meters long. The specimen resembles a deeply grooved trail, but one end was originally 
cylindrical, so that it could not possibly have been a surface trail. The mold is parallel 
to the horizontal bedding planes in the beautifully laminated sandstone in which the specimen 
occurs. The transverse annulations on the surface, though rather low, are much more 
distinct on the specimen than on the photographed illustration. The tube is filled with sand 
at one point. 

Locality: Chapman sandstone, Edmunds Hill, Chapman Township, Aroostook County, 
Maine. 

U. S. National Museum, catalogue No. 59685. 

Comparisons, — ^The nearest analogous form is Gyrichnites gaspensis Whiteaves, from which 
the present specimen differs chiefly in its smaller width and its somewhat less pronounced 
annulations. 

No remains of the chitinous or coriaceous test have been observed. Incidentally it may 
be stated that indications of the test are also lacking in specimens of TJ clarTdi Prosser and 
Gyrichnites gaspensis Whiteaves, both of which are preserved in arenaceous beds. The test 
in T, depressa Giebel, which is preserved in calcareous rock, is stated by Kayser to be calcareous, 
not chitinous. The chitinous test positively exists in T, squamosa Phillips and similar species 
from Arisaig, Nova Scotia, and from the Eastport quadrangle, Maine. 

MOLLUSCOIDEA. 
Class BRYOZOA Elirenberg. 

A few fragments in an imperfect state of preservation represent the Bryozoa. Although 
none of them furnish very satisfactory evidence of their specific characters, a few of the better 
specimens have been selected for illustration. Thay represent the fenesteUoid form, distin- 
guished from Fenestella under the name Polypora McCoy, by having no median ridge on the 
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celliferous side of the rays. As our specimens are only fragmentary molds of the fronds, 
instead of giving them distinct names I refer them provisionally to their nearest described 
analogues P. lilaea Hall and P. psyche Billings. Future search of the rocks may reveal better 
preserved specimens, from which closer identification may be possible. 

POLYPOBA cf. P. J.XLMA Hall. 
Plate XXII, figures 2, 4, 7, 9. 

1874. Polypora lilia. Hall, New York State Mus. Nat. Hist. Twenty-aixth Ann. Kept., p. 96. 

1879. Fenestella (Polypora) lilsea. Hall, idem, Thirty-second Ann. Kept., p. 165. 

1880. Fenestella (Polypora) lilaea. Hall, idem, Thirty-second Ann. Rept., 2d ed., p. 27. 

1883. Fenestella (Polypora) lilasa. Hall, New York State Geologist Ann. Rept. for 1882, pi. 18, figs. 19, 20. 
1883. Retepora sp. nov. Hall, idem, figs. 21-22. 

1887. Fenestella (Polypora) lilaea. Hall and Simpson, Paleontology of New York, vol. 6, p. 62, pi. 18, figs. 19-22. 
1900. Polypora lilaea. Nickles and Bassler, U. S. Geol. Survey Bull. 173, p. 366. 

All the above are recorded as from the ''Lower Helderberg limestone'' [Helderberg group], at Schoharie and 
near Clarksville, N. Y. 

The specimens are flat, undulating, perforated fronds. The f enestrules are oblong in shape, 
eight to ten being present in each half centimeter of length, and are arranged in closely crowded 
diverging rows, which increase by implantation. In general size and proportions they very 
closely resemble Hall's species Polypora lilxa, to which they are referred. 

Locality: Chapman sandstone, 2i miles west of Presque Isle Stream and Edmunds Hill, 
Chapman Township, Aroostook Coulity, Maine. 

U. S. National Museum, catalogue No. 59686. 

Polypora cf. P. psyche Billings. 

Plate XXII, figure 6. 

1874. Polypora psyche. Billings, Canada Geol. Survey, Paleozoic foeeils, vol. 2, p. 11, figs. 1, 2. 

Gaspe limestone No. 8 [Grand Greve]: Indian Cove, Gaspe Bay, Quebec. 
1900. Polypora (?) psyche. Nickles and Bassler, U. S. Geol. Survey Bull. 173, p. 367. 

Orifikany [Gaspe limestone]. 

The fronds of this species have larger fenestrules than those of Polypora cf. P. lUsea, 
but in other respects resemble that species. In the specimens studied there are five or six 
fenestrules in the length of half a centimeter; in the corresponding length m Billings's figures 
there are four to five but not quite six fenestrules. Although the specific characters preserved 
are incomplete, they give some degree of definition to the specimens, which exhibit little else 
for determination. Specimens with large fenestrules referred to this species are less common 
than the finer forms, which have been provisionally identified with P, lUaea. 

Locality: Chapman sandstone, Edmimds HiU, Chapman Township, Aroostook County, 

Maine. 

U. S. National Museum, catalogue No. 59687. 

Class BRACHIOPODA Cuvler. 

Order ATREMATA Beeclier. 

Superfamily LINGULACEA Waageiu 

Fandly LINGULIDif: Gray. 

aenuB IJNQTJLA Bru^dre, 1789. 

LiNGULA MINUSCULA Sp. UOV. 

Plate VI, figure 27. 

Shell small; height 6.2 millimeters, maximum width 3.2 millimeters, two-fifths the length 
of the shell from the beak; sides nearly parallel; very gently rounded anterior and posterior 
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extremities arcuate, subequal, the anterior very slightly narrower; cardinal angle about 90°, 
possibly more. Greatest convexity 1.3 millimeters just posterior to the middle. A rather 
flat, narrow ridge occurs here and extends as far as the point of maximum width of the shell. 
Posteriorly, this flattened ridge slopes down and narrows to the beak; anteriorly, it gradually 
merges into the convexity of the shell, which is a little more depressed toward the front than 
nearer the beak. On this ridge, the strije * of growth are horizontal or even occasionally slightly 
insinuated. On the internal mold there are obscure indications of two subparallel, very faint 
lines ^ extending from the beak forward. 

The surface ornamentation consists of fine, unequal, elevated, imbricose concentric striae 
of growth. Under the lens some extremely fine radial or fibrous markings are observed, but 
these are probably associated with the fabrication of the shell and are not reaUy '* surface 
markings." 

Locality: Chapman sandstone, a single specimen, 2 miles west of Presque Isle Stream, 
Chapman Township, Aroostook County, Maine. 

U. S. National Museum, catalogue No. 59688. 

Comparisons, — Comparison of fossil Lingulidse, except in extraordinary forms, is of Uttle 
value in determining specific and stratigraphic relations. Many points of distinction in Lingula 
fossils can hardly be expressed intelligibly in words or even shown in figures, so that similar 
forms, which have been described under separate names but are nearly or quite identical, so 
far as their published figures and descriptions would indicate, may range from the Cambrian 
to the Recent. The Lingula here described can be compared with small Lingula ligea HaU, 
from the Upper Devonian of New York, and with lAngyla longissima Pander,^ from the Upper 
Ordovician, and no doubt a conscientious search would show that the species is very similar 
in visible characters to some Cambrian form or perhaps to some Cretaceous or Tertiary species. 

Among Silurian and Lower Devonian species this Lingula may be very closely compared 
with narrow forms of the Downtonian-Passage beds, Lingula cornea,^ L. minimdj* and the 
Hercynian Liv^gula Hsx Roemer.^ From all these it diflFers in being slightly narrower anteriorly 
and in having the greatest width posterior to the middle; the beaks are much more obtuse than 
in Lingula minima; the shell is smaller than L. Usae and not nearly so broad as typical L. cornea 
Sowerby, though it strongly resembles the narrower forms referred to this species by Davidson. 
Lingula artemis Billings," from the Gaspe limestone No. 5, is also very similar but has the ratio 
of length to width 3:2, whereas in the present form this ratio is about 2:1. 

Order NEOTREMATA Beeclier. 

Superfamily DISCINACEA Waagen. 

Family DISCINIDiCL 

Genua OBBICUIiOIDEA D'Orbigny, 1840. 

Subgenua BCBMEBELLA HaU and Clarke, 1802. 

Orbiculoidea (Rgemebella) discus (Hall). 

Plate VI, figures 28-33. 

1859. Discina discus. Hall, Paleontology of New York, vol. 3, p. 159, pi. 9, figs. 13-15. 

Lower Helderberg shaly [New Scotland] limestone: Becraft Mountain, near Hudson, N. Y. 

1876. Discina discus. Barrett, Lyceum Nat. Hist. New York Annals, vol. 11, p. 296. 
Tfilobite beds [uppermost Helderberg]: Bennett's quany, Port Jervis, N. Y. 

1877. Discina discus. Barrett, Am. Jour. Sci., 3d ser., vol. 13,. p. 387. 
Trilobite beda [uppermost Helderbeig]: Bennett's quarry, Port Jervis, N. Y. 

1 The tenns " lines " and 'striae " are here used in the technical sense according to which strise are impressed and lines elevated, 
s Davidson, Thomas, British fossil Bzachiopoda, vol. 3 (Silurian), p. 51, pi. 3, figs. 28, 29, 1886. 
> Idem, pi. 2, fig. 34. 

* Idem, pi. 3, figs. 36, 37. 

6 Kayser, Emanuel, Die Fauna der &ltesten Devon-Ablagenmgen des Haraes, pi. 30, figs. 22, 23, 1878. 

• Paleosdc fossils [of Canada], vol. 2, pt 1, p. 14, fig. 4, 1874. 
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?1892. Schizocrania (?) discus. Hall and Clarke, Paleontology of New York, vol. 8, pt. 1, p. 132. 

Lower Helderberg group: New York. 
1892. Orbiculoidea discus. Hall and Clarke, idem, pi. 4E, fig. 13. 

Lower Helderberg group: Near Clarkgville, Albany County, N. Y.* 
1897. OrhicuUndea discus. Schuchert, U. S. Geol. Survey Bull. 87, p. 278. 

Lower Helderberg: Near Hudson and in Albany County, N. Y. 
1899. Orbiculoidea discus (?). Prosser, New York State Geologist Seventeenth Ann. Kept, (for 1897), p. 351. 

New Scotland shaly limestone: Oniskethau Creek, Albany County, N. Y. 
1901. Orbiculoidea discus. Schuchert, Geol. Soc. America Bull., vol. 11, p. 282. 

New Scotland and Becraft limestones: New York. 
1903. Orbiculoidea cf . 0. discus. Hartnagel, New York State Mus. Bull. 69, p. 1164. 

New Scotland gray limestone: Hill east of Manlius Village, Onondaga County, N. Y. 
1905. Orbiculoidea discus (?). Shimer, New York State Mus. Bull. 80, pp. 223-265. 

Doubtfully identified from the lower and upper New Scotland, Trilobite Mountain, N. Y. 

The description of the Maine material of this species is as foDows: Shell large, free, circular, 
or nearly circular, with the length a trifle greater than the width. The upper (brachial) valve 
is larger than the lower (pedicle) valve; beak situated at distance of one-third to two-fifths the 
width of the shell from the margin, rarely central. Apex bluntly rounded, directed posteriorly. 
Posterior slope in profile straight or sUghtly sigmoid, anterior slope gently convex. Height of 
the valve between one-fourth and one-third the width. The lower (pedicle) valve, when 
uncrushed, has a depressed mammillate, subcentral beak. Posterior slope convex or sigmoidal; 
anterior slope or profile concave. The pedicle opening is elliptical to pear-shaped, continued 
posteriorly in a slit which nearly reaches the margin. Height of the valve between one-sixth 
and one-seventh the length. Shell substance chitinous, laminate; outer thin layer nacreous, 
with pearly luster preserved in one of the specimens. 

Surface ornamentation, strongly elevated, concentric imbricose striae, with intermediate 
finer concentric striae in the well-preserved parts. Radial markings vary from sharp striae 
visible to the naked eye to very fine, indistinct striae. These radial striae are feebly if at all 
preserved where the concentric lamellae occur, but on partly exfoliated shells are evident and 
seemingly quite regular. 

The specimens may be described as follows: 

1 . Plate VI, figure 32, from Presque Isle Stream. A large circular brachial valve in external 
mold; length 28 millimeters, width 28 millimeters, height 8 milUmeters. Apex rounded, about 
12 millimeters from the posterior margin; posterior profile concave. Concentric lamellose 
markings strongly developed, the raised edges equal to one-half or one- third the width of the 
intervening spaces; on the apical portion these concentric markings are close together and 
regular. Radial markings faint or absent. 

2. Plate VI, figure 33, also from Presque Isle Stream. Another brachial valve in external 
mold; length 28.5 miUimeters, width 27.3 millimeters, height 8.5 millimeters. Apex rounded, 
distant 10 millimeters from the posterior margin. Concentric markings close-set and regular 
in apical portion; more uneven and unequal in marginal areas. Radial striae obscure but 
present. A piece of the pearly outer layer of the shell is preserved. 

3. Plate VI, figure 31, also from Presque Isle Stream. A somewhat crushed pedicle valve, 
in part (anteriorly) in external mold and in part (posteriorly) in external cast. Length 30 
millimeters, width 28 millimeters, depth 4 millimeters; widest in front. Anterior portion of 
valve deeply concave; includes the maximum depth. The depth is as great as or greater than 
in typical RosmereUa grandis (Vanuxem), specimens of which from the Hamilton of Cazenovia, 
N. Y., are at hand for comparison. Under the pedicle posterior passage, just back of the pedicle 
opening, the shell is convex; in the present large specimen it becomes again concave near the 
posterior margin. Distal end of pedicle opening 17 millimeters from the posterior margin. 
Fine, regular, close-set, radial striatiojis are preserved on parts of exterior which show lamellose 
markings. 

1 Also identified by Dr. C. E. Smith in an unpublished section of the New Scotland, Countr3rman Hill, Helderberg Mountains. Albany 
County, N. Y. 
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4. Plate VI, figure 29, a brachial valve from Presque Isle Stream, incomplete, but originally 
about 26 millimeters long, 24^ millimeters wide, 7^ millimeters high; apex 10 millimeters from 
margin; shows concave posterior profile. Shell exfoliated, exposing uneven, fine, concentric 
lines of growth; very fine, unequal, radial striations are also weU developed. 

The four specimens described above could be regarded as typical Roemerellas, the shells 
being like Orbiculoidea but large and with deeply concave pedicle valves. This pedicle valve 
must have fitted up into the domelike cavity of the brachial valve, and every part of the large 
pedicle valve was included within this cavity — that is, the valve as a whole was distinctly 
concave. This concavity of the pedicle valve is the distinguishing feature of the genus 
Roemerella Hall and Clark. 

5. Plate VI, figure 30, a large, exfoUated specimen from Edmunds Hill which must have 
been about 28 millimeters long, 25 millimeters wide, and apparently 4 millimeters high; possibly 
a pedicle valve; but if considered very broken, it might equally well be interpreted as the 
higher or brachial valve. Fine prominent radial stri® are preserved with concentric uneven 
lines of growth on the exfohated parts. This shell shows pearly luster on one of the lamellae. 
Tlie surface markings are almost exactly the same as on No. 4, from locality 1099 J, and both 
specimens represent the same species. 

6. Plate VI, figure 28, a small but important specimen from Edmimds Hill, is an exfoliated 
convex or flat pedicle valve, representing by its convexity the normal Orbiculoidea type. 
Length of specimen 16.5 millimeters, width 13 millimeters, height 2.75 millimeters; hke No. 3, 
this specimen is widest in front. The valve as a whole is rather convex, thus differing from the 
Roemerella type and agreeing vrith Orbiculoidea. The anterior slope or profile is concave, as 
in both Roemerella and most species of Orbiculoidea. This anterior concavity is produced by 
the upturning of the anterior margin; near the apical part the shell is convex throughout the 
circumference, and the convexity is retained posteriorly. The profile is the same as that 
figured for 0. discus by Hall,' except that in the present specimen the apex is central. The 
pedicle passage is fairly large; the distal end is in the middle of the shell, and posteriorly the 
passage is prolonged as a narrow groove or sUt which nearly if not quite reaches the margin. 
The radial markings are fine linear wrinkles; in the exfoUated shell concentric strise are feebly 
developed. This specimen has the same outline as No. 3, with the same anterior concavity in 
the pedicle valve, and is almost exactly the counterpart of the younger portion of that specimen. 

LocaUty: Chapman sandstone, Presque Isle Stream (conmion); 2 miles west of Presque 
Isle. Stream (rare); Edmunds HiU (occasional). All in Aroostook Coimty, Maine. 

U. S. National Museum, catalogue Nos. 59689, 59690, 59691. 

Relation of RcemereUa to Orbiculoidea. — ^The facts already stated indicate that the young 
or middle-aged specimens present a strong Orbiculoidea aspect, with the pedicle valve convex 
or depressed-convex with reference to the brachial valve; at middle age the convexity of the 
pedicle valve begins to reverse, as is common in mature forms of most Orbiculoideas; and at 
maturity or senility the pedicle valve is strongly concave, fitting up into the domeUke cavity 
of the brachial valve as in the genus Roemerella. That Roemerella is ordinarily not merely 
a mature stage of Orbiculoidea is proved by the fact that the great majority of Orbiculoideas 
at maturity have the pedicle valve convex as a whole, and that when most depressed the valve 
is only flat, not deeply concave and fitting into the brachial valve cavity. Furthermore, in the 
typical Roemerella (R. grandis) the pedicle valve assumes its concave aspect early in the develop- 
ment of the individual and is the normal character at maturity, when the pedicle valve becomes 
concave as a whole. This would suggest that Roemerella is a valid genus derived from Orbi- 
culoidea by acceleration of the stage of recurvature in the pedicle valve. This accelerating 
recurvature may be traced from the present species, in which the pedicle valve retains its 
convex, Orbiculoidea character almost to maturity, through the Middle Devonian RcsmereUa 
grandis (Vanuxem), in which the orbiculoidean convexity is apparent only in very young stages 
of growth and is then not well developed, and finally to the Upper Devonian Rcemerella 

I Paleontology of New York, vol. 3, 1850, pi. 9, fig. IQa. 
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aUeghania (Hall)^ and an undescribed middle Neo-Devonian species from the vicinity of Van 
Etten, N. Y., in which the convexity of the pedicle valve, in the embryonic form, is barely 
discernible. It is quite possible that the concavity of the pedicle valve characteristic of the 
genus Roemerella may be the effect of crushing upon an elastic shell. 

Specific relations. — The Orbicuhidea discus of Hall was originaUy compared with the 
Disdna (Orhicula) forbesii of Davidson.^ This last-named species, from the Wenlock shales 
and limestones and the Woolhope beds, has, however, a very gibbous pedicle valve and belongs 
to the genus Schizotreta. A much closer relationship exists between 0. discus Hall and 0. 
hainii Sharpe, as is shown by the following references: 

1846. Orbicula sp. Morris and Sharpe, Geol. Soc. London Quart. Jour., vol. 2, p. 277, pi. 10, fig. 5. 

Devonian (?): Falkland Islands. 
1856. Orbicula bainii. Sharpe, Geol. Soc. London Trans., 2d ser., vol. 7, p. 210, pi. 26, figs. 20-23. 

Black schist: Gydow Pass (with Littorina). 

Soft, light-colored argillaceous rock: Hottentots Kloof (with StrophoTnena hainii). 

Dark-colored nodules: Cedarberg (with Chonetes). 

All in South Africa; occurs also in Falkland Islands. 
1893. Disdna hainii. Von Ammon, Gesell. Erdkunde Berlin Zeitechr., vol. 28, p. 359, fig. 4. 

Devonian: Taquaraasu, Mattp Groeso, Brazil. 
1897. Orhiculoidea hainii. Schuchert, U. S. Geol. Survey Bull. 87, p. 277. 

"Middle" Devonian: Falkland Islands; Taquarassu, Matto Grosso, Brazil; South Africa. 
1905. Orhiculoidea hainii. Reed, South African Mus. Annals, vol. 4, pt. 3, no. 7, p. 168, pi. 20, figp. 4, 5. 

Bokkeveld beds (Devonian): North of Whipperthal and at Garula Poort, South Africa. 

It is in fact by no means certain that 0. discus and 0. hainii are distinct. Both species 
are large and subcircular in outline or a trifle longer than wide; both have the same convex 
brachial valve with excentric beak, concave posterior slope, and height equal to one-third the 
width; in both the pedicle valve is sUghtly concave, with an excentric, large, oval, depressed 
pedicle opening connected by a narrow sUt with the posterior mai^n;, finally, the peculiar 
surface and interior markings of the shells are the same in both. If these two species are 
identical, the specific name hainii (1856) has priority over discus (1859) and will have to be 
adopted. Apparently the only distinction between the two forms is that the beaks are a trifle 
more excentric in 0. hainii than in 0. discus. In the South African species the apex of the 
valves is situated at a distance of one-third to one-fourth the diameter from the margin, whereas 
in the North American species the beaks are generally subcentral or at most one-third the 
length from the margin. Specimens thus having the beak at one-third the diameter from the 
margin* may as well be placed under Orhiculoidea discus Hall as under Orhiculoidea hainii 
Sharpe. 

Orhiculoidea montis Clarke, from Grande Grave and Perce Rock, Province of Quebec, is 

similar to the large Chapman fossils, and more abundant material may show that the suspicion 

of their identity is well founded, but in the fossils from Quebec as figured the brachial valve is 

much higher and conical, the outline is more narrowly elliptical, and, finally, the shells are 

much larger than the Chapman sandstone fossils, the latter being only half the size of Clark's 

species. ^ 

Superfamily CRANIACEA Waagen. 

Family CRANIIDiG King. 

Genua CBANIA Retzius. 

Crania sp. indet. 

Plate VI, figure 13. 

A single free brachial valve in internal mold has the following characters: Shell strongly 
convex throughout, spatuloid in outline, widest behind (?); length 12.5 millimeters, maximum 

1 This is a Rcemerella, not an Orbicoloidea. A specimen in the Cornell UniTexsity Museum from the Chemung of Pennsylvania distinctly 
shows the concavity of the pedicle valve. 

X Soc. g^l. France Bull., 2d ser., vol. 5, p. 334, pi. 3, fig. 45, May, 1848. Qeol. Survey Great Britain Mem., vol. 2, pt. 1, p. 371, pi. 28, 1848. 
British fossil Brachiopoda, vol. 3 (Silinian), p. 73, pi. 7, figs. 14-18. 

• Paleontology of New York, vol. 3, pi. 9, figs. 15, 16a (New York); the Maine specimens Nos. 782 and 783; the South African specimens figured 
hy Sharpe, op. oit, Fl. XXVI, figs. 21a, 21b, 22, 23, and by Reed, op. cit., pi. 20, fig. 4. 
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width 12 millimeters, at about two-fifths or one-third the length of the shell from the end, 
height 3 milUmeters. Apex one-third the length from the margin ; posterior slope (under part 
of the shell) more convex than the anterior. A scar, which may represent the musculature 
or may be merely a fracture, is quadrangular quadripartite, extendmg from the apex half the 
distance to the anterior (?) margin. Ornamentation indistinct; obscure indications of coarse 
radial lines ( ?) or fine plications are visible. 

Locahty : Chapman sandstone, west side of Edmunds Hill, Chapman Plantation, Aroostook 
Count V, Maine. 

U. S. National Museum, catalogue No. 59692. 

Comparisons. — This shell has the outline of Schizocrania ( ?) helderhergide. Hall and Clarke,* 
but the position of the beaks and greatest convexity are opposite in the two forms ; both are at 
the narrow end in the New York form and at the broad end in the present specimen. 

Crania heUa occurs at Cape Bon Ami, Gaspe, in the Gaspe limestone No. 5. The flat pedicle 

valve of this fossil has the apex marginal, which would serve to include the shell in the same 

generic group with Schizocrania ( ?) Jielderhergise. It is described by Billings ' as having the apex 

central and with a concave profile down one side, characters neither of which is observable in 

the Chapman specimen. The New York Oriskany fossil identified with Billings's species and 

figured by Clarke has the beak also central and is much too high in comparison with the Maine 

specimen. Crania heUa has no radial sculpture. If the obscure markings of the Maine specimen 

are indications of radial sculpture the species may be closely compared with Crania pulcheUa 

Hall and Clarke. The latter species was originally described from the Lower Helderberg group 

near Clarksville, N. Y.,' but occurs also in the Oriskany of Becraft Mountain, Coliunbia Coimty, 

N. Y.* 

Order PROTREMATA Beeclier. 

Snperfamily STROPHOMENACEA Schiichert. 

Family STROPHOMENIDif: King. 

Genus LEPTOSTBOPHIA HaU and Clarke, 1892. 

The genus Leptostrophia was founded by Hall and Clarke for perplane Stropheodontas 
which have the pedicle valve depressed convex, nearly flat; the brachial vaJve flat or slightly 
concave; and the large musculature in the pedicle valve flabellate, expanding from the beak, 
indistinctly fading in front. The denticulations on the hinge Une extend the width of the 
shell. The genotype is Stropheodonta magnijica Hall. 

In this strongly marked stropheodontoid genus, which may be easily recognized by the 
flat shell and the large flabellate musculature of the pedicle valve, more than 20 forms regarded 
by their authors as distinct species have been described from the North American Silurian and 
Devonian. A list of these species,' with their occurrences, follows: 

Clin ton- AnticoBti: L. prisca Hall, L. julia Billings. 

Cobleskill limestone: L. hipartita Hall, L. nearpassi Barrett, L. textilis Hall (1862, not 1857). 

Acadian neo-Silurian : L. gilpeni Dawson, L. omatella Salter, L.filosa Sowerby. 

Helderbergian: L. planuUUa Hall, L. 6€db'Hall. 

Onskanian: L. blainvillei Billings, L. irene Billings L. lincklseni Hall, L. magnifica Hall, L. magniventer Hall, L. oris- 

hania Clarke, L. tullia Billings. 
Schoharie and "Comiferons": L. perplana Conrad, L. crenistria Hall. 
Hamilton: L.fragiliSj Hall; L. junta Hall, L. pleuristriata Conrad. 
Tully limestone: L. tulliensia Williams. 
Portage and Chemung: L. interstrialU Vanuxem. 

Chemung: L. delthyris Conrad {L, nervosa Hall and authors). 

• 

1 Paleontology of New York, vol. 8, pt. 1, p. 179, pi. 4 O, fig. 35, 1892; from the Lower Helderberg group, near Clark- Tille, N. Y. 

* Paleozoic fossils: Oeol. Survey Canada, vol. 2, pt. 1, p. 16, fig. 5, 1874. 

* Paleontology of New York, vol. 8, pt. 1, p. 180, pi . 4, fig. 3, 1892. 

* Clarke, J. M., New York State Mus. Mem., vol. 3, p. 58, pi. 8, figs. 16, 18, 1900. 

^ For bibliographic references to such of these names as are not given in the succeeding pages, see Stropheodonta and Strophomena in Schuchert> 
Charles, A synopsis of American fossU Brachiopoda: U. 8. Geol. Survey Bull. 87, 1897. 
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Not all the above names are worthy of specific rank^ owing to the high degree of variability 
attained in some of the forms. This variabiUty becomes most pronounced in the Acadian, late 
Silurian, and in the Helderbei^ and Oriskany ''species." A close study of the Leptostrophias 
from these formations indicates that the plastic variability developed here prohibits very close 
specific demarcation, and suggests that the Cobleskill L. nearpassi and L, textilia, which are now 
considered synonyms of L, hipartita, should be included together with L, tvUia, L. hlainviUei, 
L, oriskaniaj L, planulatay L. pleuristriaiaj and L, perplana as a single species, or perhaps as 
varieties of a single species, to which the name L, perplana Conrad is applicable. 

The proposal to unite into a single species these forms, which range from the Cobleskill 
limestone (late Silurian) to the Ithaca shale member of the Portage formation (middle Neo- 
Devonian), requires some explanation. This explanation is found in the fact that specimens 
occurring together at a single locahty and there representing apparently a single though plastic 
specific type show the supposedly typical characters of several or all of the ''species" listed 
above, from LeptostropTiia hipartita to L, perplana. Thus there are in the Moose River sandstone 
at Little Brassua Lake, Somerset County, Maine, rather small to mediiun-sized Leptostrophias. 
of the L, (yrisTcania type which have 100 or more striations per 25 milUmeters and the acute- 
angled musculature (60°) of L. tuUia and L, hipartita, but which are without any undulations 
on the surface. Other specimens show the musculature with the angle gradually increasing to 
an obtuse-angled musculature with short curving margins (Leptostrophia cf. L. orisJcania); the 
strengthening of the striations in some of the specimens links them with L. hlainviUeij L, plan-- 
ulata, L. pleuristriataj and L, perplana. 

The Leptostrophias from the Moose River sandstone at Little Brassua Lake constitute only 
a small part of the evidence available from Maine and elsewhere to show that Leptostrophia per- 
plana and the synonyms listed above represent only a single variable species having imfixed 
combinations of characters which, were they sufficiently fixed, mighl rank as of separate specific 
value. These characters include angle of musculature, whether acute, right, or obtuse; muscu- 
lature, short or half the length of the shell; marginal septa, short or half the length; strise, 70 
to 80, or 95 to 100, or more, per 25 milUmeters; umbones smooth or striate; shell small, medimn, 
or large sized; concentric undulations obscure or absent; shell flat or appreciably convex. 

A study of the characters themselves shows that they intermingle and interlink in nearly 
every combination; and study of the stratigraphic range of these combinations supports the 
contention that Leptostrophia bipartita, L. perplana, and the rest represent only a single species. 
Characteristic specimens of L. hipartita, a Cobleskill "species,'' occur in the Moose River fauna, 
at Little Brassua Lake, Somerset County, Maine; and a hardly distinguishable type is repre- 
sented in the Cornell University collections from the Onondaga ("Comiferous") limestone 
near Buffalo, N. Y. The type described as L. pleuristriata Conrad from the upper Hamilton at 
Delphi, N. Y., is specifically indistinguishable from broad musculatured forms of i. planulata 
from the Coeymans ("Lower Pentamerus") limestone of the Helderberg group. 

The name Leptostrophia perplana (Conrad) not only has priority over all the others, but 
the type for which it was originally used by Conrad himself best interprets or represents the 
more frequent expression of the "species" of this group. The name Leptostrophia perplana 
(Conrad) will therefore include the following: Leptostrophia textilis Hall, i. nearpassi Barrett, 
L. hipartita Hall, i. tvUia Billings, L, orisJcania Clarke, L. perplana Conrad (and in part of 
authors), and L. pleuristriata Conrad. The species will, however, not include such forms as 
Leptostrophia interstrialis var. delthyris Conrad (the Leptostrophia perplana var. nervosa of 
authors), i. crenistria Hall, and L. fiugilis Hall, which have hitherto been identified with 
Conrad's L. perplaTia. 

This group of species of Leptostrophia is a good illustration of the phenomenon to which 
Vaughan* recently called attention in proposing the term "gens" or species group for "the 
aggregate of all the species which possess in common a large number of essential properties 
and are continuously related either in space or time." The important part of the phenomenon, 
which modifies the current conception of the law of the transmission of characters in heredity, 

1 Vaugtaan, Arthur, On the paleontologicalsequexioe In the Bristol area: Geol. Soc. London Quart. Jour., vol. 61, p. 1S3, May, 1905. 



MOLLUSCOIDEA. 27 

is the fact that tho characters which serve the systematist in his discrimination of species 
fluctuate in the same manner as those used for discriminating varieties and, secondly, they 
continue to fluctuate in successive generations of reproduction. 

Leptostrophia perplana (Conrad).* 

Plate VIII, figures 1-7, ia-16; Plate XI, figure 17. 

1837. "Producti." Jackson, First report on the geology of Maine, p. 128, pi. 1, fig. 7. 

"Grajrwack" [probably Moose River sandstone: Somerset County]: Maine. 
1842. Strophomena perplana. Conrad, Acad. Nat. Sci. Philadelpliia Jour., vol. 8. p. 257, pi. 14, fig. 11. 

Comiferous limestone: Schoharie, N. Y. 
1842. Strophomena pleuristriata, Conrad, idem, p. 259. 

"Silurian" [Hamilton formation, or perhaps Ithaca shale member of the Portage formation]: Near Smyrna, 
Chenango County, N. Y. 
?1846. Orthis concinna. Morris and Sharpe, Geol. Soc. London Quart. Jour., vol. 2, p. 275, pi. 10, fig. 2. 

' Lower Devonian: Falkland Islands, South America. 
1852. Lepteena sp. Hall, Paleontology of New York, vol. 2, p. 326, pi. 74, figs. 3a, 3b. 

Leptaena bipartita. Hall, idem, p. 326, pi. 74, figs. 4a, 4b, 5a. 

Strophodonta textilis. Hall, idem, p. 327, pi. 74, figs. 6a-6d. 

All from the Coralline [Cobleskill] limestone: Schoharie, N. Y. 
1859. Strophodfmta planulata. Hall, Paleontology of New York, vol. 3, p. 184, pi. 16, figs. (m2. 

Pentamerus [Coeymans] limestone [of Helderberg group]: Schoharie, Dry Hill, and Litchfield, N. Y. 
1859. Strophomena bipartita. Hall, New York State Cab. Nat. Hist. Twelfth Ann. Kept., p. 82. 

Coralline [Cobleskill] limestone: Schoharie, N. Y. 
1863. Strophomena perplana. Billings, Portland [Maine] Soc. Nat. Hist. Proc, vol. 1, pt. 2, p. 109. 

Lower Helderberg: Square Lake, Aroostook County, Maine. 
1863. Strophomena perplana. Billings and Logan, Geology of Canada, pp. 393, 410, 439. 

Gaspe (Oriskany) limestones: Whitehead, Perce Rock, and Cape Barry, Gaspe, Quebec. 

Gaspe sandstone (Oriskany): Douglastown River, Gaspe, Quebec. 
1863. Strophomjena blainvillei. Billings, idem, p. 398. 

Gajspe sandstone: North side of inner baain, Gaspe, Quebec. 

1867. Strophodonta perplana (pars). Hall, Paleontology of New York, vol. 4, pp. 92-98, pi. 11, fig. 22 (not pis. 12, 

17, nor (?) 19). 
Schoharie grit: Clarksville and Knox, Albany County and Schoharie, N. Y. 
Comiferous limestone: Helderberg Mountains; Schoharie; and^at Williamsvillc, Clarence Hollow, and Cherry 

Valley, in Erie County, N. Y.; Louisville, Ky.; Columbus, Ohio; falls of Ohio River, in Indiana. 
Hamilton group: Eiastem New York. Not (?) Cayuga and Seneca lakes, Moscow, York, Pa\'ilion, Darien, and 

Eighteenmile Creek, N. Y.; Rock Island, 111.; nor New BufTalo, Iowa [L. crenistria Hall and L.fragilis Hall]; 

not Chemung group at Chemung Narrows, N. Y., nor along the line of the Blossbiu^ [Erie] Railroad, etc. 

[L. interstrialis var, delthyru Conrad]. 

1868. Strophomena (Stropheodonta) sp. Meek and Worthen, Illinois Geol. Survey, vol. 3, p. 412, pi. 9, fig. 6. 
Yellow sandstone (age of Schoharie grit): Four miles west of Jonesboro, L^nion Coimty, 111. 

?1874. Strophomena perplana. Nicholson, Paleontology of the Province of Ontario, p. 64, fig. 20. 

Comiferous limestone: Port Colbome and Wainfleet, Ontario. . 
1874. Strophomena blainvillei. Billings, Paleozoic fossils, vol. 2, pi. 3, fig. 1. 

Lower part of Gaspe sandstone: Gaspe, Quebec. 
1874. Strophomena tullia. Billings, idem, pt. 1, p. 29, pi. 2, figs. 6, 6a. 

Lower Devonian: Mount Joli and Perce Rock, Gaspe, Quebec. 

1877. Strophodonta planulata. Barrett, Am. Jour. Sci., 3d sier., vol. 13, p. 386. 

Lower Helderberg trilobite beds [uppermost Helderberg]: Bennett's quarry, near Port Jervis, N. Y. 

1878. Strophodonta nearpassi. Barrett, idem, vol. 15, p. 372. 
Coralline limestone [Cobleskill]: Nearpass Bluff, Montague, N. J. 

1 If, as seems possIMe, some of the European Leptostrophlas, particularly Lepiama (Ltptoftrophia) erjjiavaia iSowerby and authors, are to be 
united with Leptontrophia perplana (Conrad), it is believed that Conrad's specific name ought to be retained. Conrad's name was proposed In his 
article read before the Philadelphia Academy of Natural Sciences January 18, 1S42, and the article was published certainly in 1842. So\«erby's 
species was described in an appendix to the long article of D'Archiac and De Vemeuil on the Rheri^ Lower De\'onian deposits, read before the 
London Geological Society December 15, 1841; but whether Sowerby's appendix was incorporated with the original paper o( D'Archiac and De 
Vemeuil, or whether It was added subsequently, is unknown, though several indications point to the latter supposition. At any rate the article 
was not published before 1842, and possibly not before 184ft, as the latter date Is printed on the pul.lished whole volume of the ''Transactions" in 
which Sowerby's descriptioas appeared. Most authors, however, give the date 1842 for D'Archiac and De ^'e^neul^s paper. In view of the long- 
established reputation of the Philadelphia academy for the prompt publication of Its papers, and the fact that Conrad's article is known to have 
been published early in 1842, it would appear equitable that Conrad's name be preferred over Sowerby's. 
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1879. Strophodonta perplana. Rathbun,^ Boston Soc. Nat. Hist. Proc. vol. 20, p. 25. 

Lower Devonian: Rio Maecuru and Rio Curua, Paia, Brazil. 
1883. Strophodonta perplana (pars). Hall, New York State Geologist Second Ann. Rept., pi. 46, figs. 2, 3, 10?, 11?, 
12? (not 4-9, 13). 

Comiferous limestone and (?) Hamilton group: Western New York. 
1883. Strophomena perplana. Ells, Canada Geol. Survey Rept. Progress for 1880-1882, p. 7 DD. 

Lower Gaspe limestones (Helderbeig): Upper part of Griflin Cove River near forks of Ruisseau de la Grande 
Carriere, Gaspe, Quebec. 
1883. Strophomena hlainvUlei. Ells, idem, pp. 8 DD, 14 DD. 

Upper Gaspe limestone: Perce Rock. 

Lower Gaspe sandstones: York and Dartmouth rivers and near Gaspe village, Gaspe, Quebec. 

1885. Stropfumena hlaimnllei. Ells, idem, for 1882-1884, pp. 24 E, 30 E. 

Lower Gaspe limestone (Lower Helderberg): Ruisseau de la Grande Carriere near Griffins Cove. 

Gaspe Oriskany [whether sandstone or limestone is not stated]: Hills in the rear of Gaspe village, Quebec. 

1886. Strophodonta planulata. S. G. Williams, Am. Jour. Sci., 3d ser., vol. 31, p. 142. 
Lower Helderberg [Coeymans limestone]: Oriskany Falls, N. Y. 

1889. Strophodonta perplana. Nettelroth, Kentucky fossil shells, p. 147, pi. 18, &g. 17. 

Upper strata of the Devonian limestone: Falls of the Ohio in Kentucky and Indiana. 

1889. Stropheodonta perplana. Schuchert, New York State Geolpgiet Eighth Ann. Rept., p. 52. 
Oriskany: Cayuga, Ontario. 

1890. Stropheodonia perplana. Clarke, Mus. nac. Rio de Janeiro Arch., vol. 10, p. 153. 
Devonian sandstones: Rio Maecuru and Rio Curua, Para, Brazil. 

1890. Strophodonta perplana. Lesley, Pennsylvania Second Geol. Survey Rept. P4, p. 1116, figs. 

Comiferous and Marcellus limestones: Centre Mills and Pine Grove, Perry County, Pa. 

Hamilton shale: Bells Mills. Blair Countv, Pa. 

Hamilton upper shales: Perry, Blair, and Huntingdon counties. Pa. 

Cardiola shale: Newxx)rt Narrows, Perry Coimty, Pa. 

Chemung: Middle Ridge, Perry County, Pa. 

Stony Brook beds? ("Upper Chemung"): Bloomsbuig, Columbia County, Pa. 
1890. Strophodonta perplana (?). Derby, Mus. nac. Rio de Janeiro Arch. , vol. 9, p. 75. 

(Middle?) Devonian sandstone: Chapada, 30 miles northeast of Cuyaba, Matto Grosso, Brazil. 
71891. Strophodonta perplana. Beecher, Am. Jour. Sci., 3d. ser., vol. 41, p. 357, pi. 17, fig. 17. 

Hamilton: Falls of Ohio River, 
not 1891. Strophodonta perplana. >\Tiiteaves, Contributions to Canadian paleontology, vol. 1, p. 220 [probably L^ 

junta]. Devonian (upper Hamilton?): Vermilion Falls, Peace River, Canada. 
1892. Strophomena sp. Ulrich. Neues Jahrb. Beilage Band, vol. 8, p. 70. 

Fine-grained light-gray graywacke: Between Pulquina and Agua Blanca, Bolivia. 

Yellow sandstone: Between Totora and Chalhuani, Bolivia. 

Both localities in the Ida shale, containing Leptocoeliaftabellites. 
1892. Stropheodonta (Leptostrophia) perplana. Hall and Clarke, Paleontology of New York, vol. 8, pt. 1, p. 288, pi. 15, 
figs. 2, 3, ?10-12 (not figs. 4-9, 13). 

Comiferous limestone, and 7Hamilton group: western New York. 
1892. Strophodonta (Leptostrophia) textilia. Hall and Clarke, idem, p. 288. 

Coralline [Cobleskill] limestone: New York. 
1892. Stropheodonta (Leptostrophia) hlainvillei. Hall and Clarke, idem, p. 288. 

Gaspe sandstone: Gaspe, Quebec. 
1892. Stropheodonta (Leptostrophia) iullia. Hall and Clarke, idem, p. 288. 

Lower Devonian: Gaspe, Quebec. 
1892 /■^P^*^''0P^^ cf. becki. Clarke, Am. Jour. Sci., 3d ser., vol. 44, p. 413. 
' \Leptostrophia cf . perplana. Clarke, idem. 

Oriskany siliceous limestone: Becraft Mountain, Columbia County, N. Y. 
1897. Stropheodonta (Leptostrophia) hlainvillei. Schuchert, U. S. Geol. Survey Bull. 87, p. 420. 

Lower Devonian: Gaspe, Quebec. 
1897. Strophodonta nearpassi. Schuchert, idem, p. 425. 

Coralline limestone: Near Port Jervis, N. Y. ; in New Jersey. 
1897. Stropheodonta planulata. Schuchert, idem, p. 426. 

Lower Helderberg: Schoharie, Dry Hill, and Litchfield, N. Y. 
1897. Stropheodonta (Leptostrophia) tullia. Schuchert, idem, pp. 243, 427. 

"Upper Helderberg" (Devonian): Mount Joli and Split Rock, Perce, Gaspe, Quebec. 
1897. Strophomena (?) bipartita. Schuchert, idem, p. 429. 

Coralline limestone: Schoharie, N. Y. 



1 Both Rathbun (1879) and Clarke (1890) not« the very large size and variability of these Brazilian Leptostrophias. These features in the United 
States and Canada are confined chiefly to the Helderberg and Oriskany (7) forms. 
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1897. Stropheodanta (Leptoatrophia) textilis, Schuchert, idem, pp. 243, 427. 
Gondlme limestoiie: Schoharie, N. Y. 

1897. Strophodonta perplana. Weller, Jour. Geology, vol. 5, No. 6, pp. 628, 629. 

ComiferouB limestone: Devils Bake Oven, near Grand Tower, Jackson County, 111. (zones 11, 13). 

1898. StropheodorUa perplana Conrad, Bownocker, Denison Univ. Sci. Lab. Bull., vol. 11, pi. 7. > 
Comiferous limestone: Harrisburg, Columbus, Marble Cliff, Marion, Kellys Island, and Radnor, Ohio. 

1899. Stropheodonta perplana. Prosser, New York State Geologist Seventeenth Ann. Rept., for 1897, p. 352. 
Schoharie grit: Near Clarksville, Albany County, N. Y. 

1899. Stropheodonta (L€pto8trophia)^per plana. Schuchert, Am. Jour. Sci., 4th ser., vol. 7, p. 432. 
Oriskany chert: Camden, Benton County, Tenn. 

1900. Stropheodonta perplana. Schuchert, Geol. Soc. Ajnerica Bull., vol. 11, p. 282. 
Becraft limestone: New York. 

?Lower Helderberg: Tennessee, Maine, and New Brunswick. 

Trilobite beds (lower Oriskany): Port Jervis, N. Y. (p. 306). 

Lower Oriskany: Becraft Moimtain, N. Y. (p. 307), and Camden, Benton County, Tenn. (p. 322). 

Upper Oriskany: New York; Oneida and North Cayuga townships, Ontario. 
1900. Stropheodanta planulata. Schuchert, idem, p. 283. 

Coeymans limestone: New York. 

Lower Helderberg: Tennessee. 
1900. Leptostrophia oriahania. Clarke, New York State Mus. Mem., vol. 3, No. 3, p. 53, pi. 7, figs. 29-35. 

Oriskany siliceous limestone: Becraft Mountain, Columbia County, N. Y.; along West Shore Railroad, one-half 
mile southeast of Rondout Creek (p. 74); and at Glenerie, 7 miles north of Kingston, N. Y. (p. 74). 
1903. Stropheodonta bipartita. Weller, Paleontology of New Jersey, vol. 3, pp. 63-72, 226, pi. 20, figs. 1-5. 

Decker Ferry limestone: William Nearpass quarry (pp. 63-66), and adjoining farm south of Tri-States, 1| miles 
northeast of Hainesville (p. 69); 1} miles below Peters Valley (p. 70) Flatbrookville (p. 71); Upper Longwood 
(p. 72); all in New Jersey. 
1903. Stropheodonta planulata. Weller, idem, p. 276, pi. 27, figs. 1, 2. 

Coeymans limestone (Helderbeigian) : Nearpass Quarry Bluff, 2 miles northeast of Flatbrookville (p. 84), and 
in £. Harris's pasture below Flatbrookville, N.J. 
1903. StropheodorUa perplana. Weller, idem, pp. 103, 366; pi. 51, figs. 12, 13. 

Onondaga limestone: Delaware River, 2} miles below Tri-States; also 1} miles southwest of Peters Valley, N.J. 
1903. Stropheodonta Inpartita and /S. textilis. Hartnagel, New York State Mus. Bull. 69. 

Cobleskill limestone: Steven's farm, 3 miles east of Schoharie (p. 1117); extreme north end of West Mountain. 
Schoharie (p. 1124) ; and half a mile northwest of Carlisle (p. 1126) ; Schoharie County. Heard gypsum quarry 
1 mile south of Lyndon; Onondaga County (p. 1161). Frontenac Island, Cayuga Lake (p. 1133). Also in 
western New York (p. 1128). 

Wilbur limestone: Old cement mines, Rondout, N. Y. 
1903. Leptoetrophia cf. L. planulata. Van Ingen and Clark, idem, pp. 1188, 1206. 

Coe3anans limestone: Near Rondout, N. Y. 
1903. Leptostrophia oriakania. Van Ingen and Clark, idem, pp. 1203, 1206. 

Oriskany: Glenerie and Rondout, N. Y. 
1903. LeptoBtropkia perplana. Van Ingen and Clark, idem, p. 1205. 

Comiferous limestone: About Kingston, N. Y. 
?1903. Stropheodonta cf. concina. Reed, South African Mus. Annals, vol. 4, p. 169, pi. 20, fig. 6. 

Lower Devonian: Warm Bokkeveld, South Africa. 
1905. Leptostrophia tullia. Clarke, New York State Mus. Bull. 80, pp. 143, 145. 

Perce limestone: Perce Rock, Gaspe, Quebec. 
1905. Leptostrophia blainvillii. Clarke, idem, p. 145. 

Gaspe sandstone: Gaspe, Quebec. 
1905. Leptostrophia oriskania. Clarke, idem, pp. 145, 152. 

Grand Greve limestone: North shore' of Gaspe Bay, Quebec. 
1905. Leptostrophia oriskania. Shimer, idem, pp. 185, 227, 240, 264. 

Dalmanites dentatus zone, or trilobite beds (lower Oriskany): Trilobite Mountain, N. Y. 
1905. Stropheodonta bipartita. Hartnagel, idem, pp. 351, 352, 354. 

Decker Ferry limestone, lower part: Fiddlers Elbow on Delaware A Hudson Canal, Orange County, N. Y. 

Decker Ferry limestone, upper part: Along New York, Ontario & Western Railway (Kingston branch), one-half 
mile southwest of Accord, and on the Cuddeback farm, Cuddebackville, Orange County, N. Y. 

Cobleskill limestone: Old quarry, 1 mile southeast of Cuddebackville, Orange County, N. Y. ' 
1905. Stropheodonta cf . S. planulata. Williams and Kindle, U. S. Geol. Survey Bull. 244, pp. 28, 47. 

Top of Hancock limestone (Lower Helderberg fossils): East fork of Powell River, just above flouring mill, Big- 
stone Gap, Wise County, Va. 
1907. Leptostrophia tardifi. Clarke, New York State Mus. Bull. 107, p. 273, figs. 

Lower Devonic: Perce Rock, Quebec. 
1907. Leptostrophia magnifica parva. Clarke, idem, p. 274, figs. 

Lower Devonic: Edmunds Hill, Chapman, Aroostook County, Maine. 
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Shell wider than long; length varying from three-fourths the width to nearly equal to the 
width; front of the shell arcuate, curving into the sides, which are slightly rounded, subparallel, 
and frequently slightly converging toward the hinge line. Hinge extremities auriculate or 
angular; rarely mucronate, and then only slightly so. Hinge straight; cardinal line in the pedicle 
valve slightly reclining from the beaks. Greatest width of shell along hinge line; in forms where 
the sides converge toward the hinge the greatest width is about midway the length of the shell. 
Pedicle valve depressed convex, brachial valve flat or concave. Greatest elevation of the 
shell is in the pedicle valve over the muscular area, a varying distance posterior to the middle. 
This maximum elevation is from one-eighth to one-fourteenth the width of the shell. Muscu- 
latm*e of pedicle valve fan shaped, spreading from the beaks, rarely extending forward beyond 
the mid-length of the shell; not discemably cordate or insinuate in front. On each side of 
the muscular scar are defining ridges, which are generally pustulose; they extend from the beaks 
varying distances forward but not more than midway to the front, becoming gradually obso- 
lescent forward. The angle formed by the defining ridges or outer edges of the musculature 
varies from acute (55°) to obtuse (125°). A thin, blunt median septum or ridge extends the 
length of the musculature, becoming thick and broad for about 2 millimeters under the beak. 
No scar of the diductor muscles is discernible in the pedicle valve. Between the hinge line 
and the sides of the musculature the inner surface of the pedicle valve is strongly pitted, the 
pitting becoming less conspicuous on approaching the hinge Une. 

The interior of the brachial valve shows the cardinal process strongly bilobed from its 
origin outward; internal casts of the brachial valve show it as two deep holes in front of the 
hinge line. These holes are somewhat elongate, reniform in outline, and nearly parallel. On 
the forward side of the base of the cardinal process, two diverging elevated ridges proceed out- 
ward, gradually flattening down to the level of the interior of the shell. Between these ridges, 
in a central position, a blunt septum extends forward a short distance. 

The cardinal area of the pedicle valve is narrow, though quite apparent. The cardinal area 
of the brachial valve is linear or absent. 

The surface is marked by fine, distinct, radiating, raised lines which are nearly uniform 
in size and strength over the whole surface; they are rounded or subangular, and straight or 
slightly flexuous on the body of the shell, but shghtly curving near the hinge extremities. The 
lines increase freely, mainly by implantation, and at a distance of 20 millimeters from the beak 
number in the typical forms about 70 per 25 millimeters, though they vary from 60 to 100 or 
more in this distance in the varietal modifications. Obscure concentric undulations are often 
developed on the surface; but these are generally very obscure, and in exfoliated shells are 
seldom if ever discernible. More commonly, however, traces of them as obUque wrinkles may 
be observed near the hinge hne. 

The diagnostic characters by which this very variable species may be recognized are (1) the 
fine, shghtly uneven, flexuous surface Uneations, finer than in L. hecJcei, and not granulose nor 
so flexuous or distant as in L. crenistriaj the lines subequal and not less than 60 per 25 milli- 
meters; (2) the small musculature extending less than two-thirds the length of the shell and 
generally less than half; (3) the absence of any cordate insinuation in front of the niusculature; 
(4) a strongly bilobed cardinal process, leaving two deep reniform holes in the internal mold of 
the brachial valve, the holes being only very slightly divergent and nearly parallel. 

Remarks on the Maine specimens from the Moose River sandstone are given in the follow- 
ing paragraphs. 

Figiu-e 1 of Plate VIII shows an internal mold of a large pedicle valve, preserving also a 
fragment of shell, length 34 millimeters; the greatest width, 45 miUimeters, is two-fifths the 
length from the hinge. Sides rounded, converging toward the hinge; depth of valve, 3.4 miUi- 
meters; musculature obtuse, 115°; radiating fines flexuous, increasing by implantation, but 
largely also by bifurcation; at 25 miUimeters from the beak there are near the middle about 
13 lines per 5 milUmeters, and the furrows between the fines are deeply pitted. No undula- 
tions. This is a typical large specimen of L. blainviUei (BUfings). 
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Figure 17 of Plate XI resembles the form just described, but has obscure undulations on 
the internal mold. At a distance of 20 to 25 millimeters from the beak 12 radiating lines were 
counted in 5 millimeters at the front, and 18 lines in the same space on the side of the shell; 
furrows between the lines are pitted. This specimen combines characters of L. blainvUlei and 
L. oriskania and of a Leptostrophia from the Onondaga limestone at Buffalo, N. Y. 

Another imfigured brachial valve is in length 18 millimeters; nearly flat. A low median 
ridge or narrow platform extends half the length of the shell; two similar, shorter ridges or plat- 
forms diverge from the beak, one on each side of the median line. The radial lines increase 
by bifurcation; 15 may be counted in a width of 5 millimeters at a distance of 15 millimeters 
from the beak. There are no concentric xmdulations. 

A large typical specimen of Leptostrophia magnifica HaU from the collections of Mr. Harold 
Prince exhibits an elongated outline; length, 36 milUmeters; width the same. The musculature 
boundaries diverge at an angle of 85° to 90° ; the scars extend three-fifths the length of the shell 
and are divisible into four conspicuous strap-shaped portions, or ^'Ungules.'' The surface lines 
are sharply elevated, and closely set in internal molds, but as preserved on the exterior they 
are low and rounded; 19 lines may be counted in a space of 5 millimeters at a distance of 30 
millimeters from the beak; they increase by bifturcation and implantation. Occasionally a 
finer line alternates with the coarser normal fines over small portions of the surface, simulating 
the ornamentation of the Silurian Leptostrophia Jilosa (Sowerby). A couple of very obscure 
concentric undulations are discernible near the front of the musculatiire. 

This large, elongate, finely fineate Leptostrophia, with the acute and very long muscula- 
ture, is identifiable with Hall's Leptostrophia magnifica, a characteristic Oriskany type. (Com- 
pare the specimen described with L. magnifica from the Oriskany of New Jersey.^ The char- 
acteristically Oriskany type of Leptostrophia rruignifi^a as it occurs in the Moose River sand- 
stone fauna (which contains Spirifer arenosiLS, Spirifer murchisoni, Leptocoelia flabeUites, and 
other characteristic Oriskany horizon markers) does not appear to be connected by any transi- 
tional gradations with the accompanylag Leptostrophia hlainviUei Billings and L, perplana 
Conrad. This has been the chief reason for considering i. magnifica as a distinct species. 
Apart from the large size of the shell, the large musculature is of itself by no means a character- 
istic development of Oriskany time, for there occurs in the Manfius limestone or in the lower 
part of the overlying Helderbei^ at Litchfield, N. Y., a large musculatured Leptostrophia not 
easily distinguishable from L. magnifica. 

Specimens from the Chapman sandstone at Edmunds Hill are described below. 

Figure 3, Plate VIII, represents a large pedicle valve in internal mold; length 35 milli- 
meters, width 40 millimeters,. boundaries of musculature form obtuse angle (125°) and extend 
slightly beyond half the length of the shell, having 7 or 8 *'lingules^' each side of the middle; 
surface radial lines 14 to 15 per 5 millimeters at a distance of 30 millimeters from the beak; 
the furrows between the lines seem to be pitted in the better-preserved spots of the shell. No 
undulations. This specimen is a large L. hlainviUei in form but is also similar, except for the 
obtuse musculature, to some specimens of L. planulata found at Jerusalem Hill, Litchfield, 
N. Y., in the Coeymans ("Pentamerus") limestone of the Helderberg group. 

Figure 7, Plate VHI, shows a smaller specimen with similar ornamentation. It is 25 
milUmeters wide and has an acute musculature (80°-85*'). Type of L. planvlaia and pleuristria. 

Figure 13, Plate VIII, represents an external mold of a pedicle valve; length 25 millimeters, 
width 27 millimeters; extreme width along hinge 30 millimeters; sides of shell curved, con- 
verging toward hinge; hinge extremities sharply auriculate. Boundaries of musculature 
apparently acute (85^). Radial lines increase by implantation, 22 in a space of 10 millimeters 
at a distance of 25 millimeters from beak. One or two very obscure wrinkles near middle of 
shell; stronger, more numerous short obUque wrinkles along the hinge line. No traces of pits 
between the elevated lines. This shell combines characters of Z. tuUia and L. planvlaia and in 
the coarse radial lines approaches L. becJci. It fairly represents a topical specimen of L. 
planvlata Hall. 

> Weller, Stuart, Paleontology of New Jeraey, Paleosolc faunas, p. 345, pi. 45, figs. 10, 11, 1903. 
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Figure 15, Plate VIII, is similar to the last specimen, but is larger, being 30 millimeters 
long. 

Figure 6, Plate VIII, represents a small pedicle valve in internal mold, musculature acute 
(55°), extending less than half the length of the shell; radial lines 25 in 8 millimeters at a dis- 
tance of 15 millimeters from the beak, furrows between the lines pitted. Width of specimen 
about 30 millimeters. The acute angle of the musculature boundaries is similar to that of 
Zf. tuUia and L. bipartita^ and the number of radial lines is midway between the two. 

Figure 14, Plate VIII, is a large pedicle valve in external mold; length 35 millimeters, 
width 38 millimeters: sides rounded and converging toward the hinge line. Boundaries of 
musculature make acute angles, apparently about 60°. Surface radial lines increase by 
implantation; 12 in the space of 5 millimeteiB at 15 millimeters fiom the beak. Furrows 
between the elevated lines apparently pitted. Over several parts of the surface the radial 
lines seem to alternate, a finer one being implanted between each pair of normal lines (cf. 
Z.^Zo«a Sowerby). More than half a dozen obscure uneven imdulations are barely visible. 
This shell is very close to L. tvUia Billings and L. planvlaia Hall. 

LocaUty: Chapman sandstone, west side of Edmunds Hill (common), Edmunds Hill (occa- 
sional), Presque Isle Stream (occasional), Aroostook County, Maine. Moose River sandstone, 
Parlin Pond (rare), Little Brassua Lake (abimdant), Somerset Coimty, Maine. 

U. S. National Museum, catalogue Nos. 59693, 59694, 59695, 59696, 59697. 

Genua LEPT^NA Dalman, 1828. 

Lept^na rhomboidalis (Wilckens). 

Plate VIII, figures 8-12. 

769. Conchita rhomboidalig. Wilckene, Nachricht von selten Vereteinerungen, p.77, pi. 8, figs. 43, 44. 

841. Strophomena undulosa. Conrad, New York Geol. Survey Fifth Ann. Kept., p. 54. 

842. Strophomena depressa. Vanuxem, Geology of New York, Rept. Third Diet., p. 79, fig. 5, 

842. Strophomena undulatua. Vanuxem, idem, p. 139, fig. 3. 

843. Strophomena depressa. Hall, idem, Rept. Fourth Diet., p. 77, fig. 5; p. 104, fig. 2. 
843. Strophomena undulata. Hall, idem, p. 175, fig. 3. 

843. ProdtLctus? sukatus. Castelnau, Essai sur le syst^me Silurien d'Am^rique septentrionale, p. 39, pi. 13, fig. 7. 
843. Productus silci/er. De Vemeuil, idem, p. 39. 

847. Strophomena undulata. Yandell and Shumard, Contributions to the geology of Kentucky, p. 11. 
847. Leptmna tenuistriata. Hall, Paleontology of New York, vol. 1, p. 108, pi. 31A, fig. 4. 
852. Lepisena depressa. Hall, idem, vol. 2, p. 62, pi. 21, fig. 8; p. 257, pi. 53, fig. 6. 
856. Strophomena depressa. Billings, Canadian Nat. Geol., vol. 1, p. 59, pi. 1, fig. 5. 

858. Leptaena depressa. Rogers, Geology of Pennsylvania, vol. 2, pt. 2, p. 823, fig. 630. 

859. Strophomena rugosa. Hall, Paleontology of New York, vol. 3, p. 195, pi. 19, fig. 1. 

860. Strophomena depressa. Roemer, Silurian fauna of western Tennessee, p. 65, pi. 5, fig. 2. 

861. Strophomena rhomboidalis. Billings, Canadian Jour., vol. 6, p. 336, figs. Ill, 112. 
863. Strophomena rhomboidalis. Billings, Geology of Canada, p. 311, fig. 314; p. 367, ^^. 373. 
863. Strophomena rhomboidalis. Billings, Portland Soc. Nat. Hist. Proc, p. 107, pi. 3, fig. 1. 
863. Strophomena analoga. Davidson, Geol. Soc. London Quart. Jour., vol. 19, p. 173, pi. 99, fig. 18. 
865. Leptaena quadrilatera. Shaler. Mus. Comp. Zool. Bull. 4, p. 65. 

867. Strophomena rhomboidalis. Hall, Paleontology of New York, vol. 4, p. 76, pi. 12, figs, 16-18; p. 414, pi. 15, figs. 
15, 16. 

868. Strophomena rhomboidalis. Meek and Worthen, Illinois Geol. Survey, vol. 3, p. 426, pi. 10, fig. 7 

873. Strophomena rhomboidalis. Meek, Paleontology of Ohio, vol. 1, p. 75, pi. 5, fig. 6. 

874. Strcphomena rhomboidalis. Billings, Paleozoic fossils, vol. 2, p. 27. 

874. Strophomena gibbosa. James, Cincinnati Quart. Jour. Sci., vol. 1, p. 333. 

875. Strophomena rhomboidalis. White, U. S. Geog. Surveys W. 100th Mer., vol. 4, p. 85, pi. 5, fig. 5. 
875. Strophomena tenuistriata. Miller, Cincinnati Quart. Jour. Sci., vol. 2, p. 55. 

877. Strophomena rhomboidalis. Hall and Whitfield, U. S. Geol. Expl. 40th Par., vol. 4, p. 253, pi. 4, fig. 4. 

878. Strophomena analoga. Dawson, Acadian geology, 3d ed., p. 295, fig. 95. 

879. Strophomena rhomboidalis. Hall, New York State Mus. Nat. Hist. Twenty-eighth Rept., p. 151. pi. 22, figs. 4-10. 

881. Strophomena rhomboidalis. Miller, Cincinnati Soc. Nat. Hist. Jour., vol. 4, p. 1. 

882. Strophomena rhomboidalis. Hall, Indiana State Geologist Eleventh Rept., p. 288, pi. 22, figs. 4-10. 
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1883. 8trophomenarhomboidal%8. 

1883. Strophomena tenuistritUa. 

1884. Strophomena rhomboidalis. 
1889. Strophomena rhomboidalis. 

1889. Strophomena rhomboidalis. 

figs. 1-3. 

1890. Strophomena rhomboidalis. 

1891. Strophomena rf^omboidalis. 



Hall, New York State Geologist Second Ann. Rept., pi. 38, figs. 17-31. 

Hall, idem, pi. 38, figs. 12-16. 

Walcott, U. S. Geol. Survey Mon. 8, p. 118. 

Beecher and Clarke, New York State Mus. Mem., vol. 1, p. 18, figs. 1-13. 

Nettelroth, Kentucky fossil shells: Kentucky Geol. Survey Mem., p. 150, pi. 18, 



Foerste, Boston Soc. Nat. Hist. Proc, vol. 24, p. 298. 

Beecher, Am. Jour. Sci., 3d ser., vol. 41, p. 357, pi. 17, figs. 18-21. 
1892. Leptssna tenuistriata. Hall and Clarke, Paleontology of New York, vol. 8, pt. 1, pi. 8, figs. 12-16. 
1892. Leptsena rhomboidalis. Hall and Clarke, idem, vol. 8, pt. 1, p. 279, pi. 8, figs. 17-31; pi. 15A, figs. 4(M2; 

pis. 21-24. 
1892. Leptsma {Strophomena) rhomboidalis. Beecher, Am. Jour. Sci., 3d ser., vol. 44, p. 150, pi. 1, figs. 7-9. 
1895. Strophomena rhomboidalis. Herrick, Geology of Ohio, vol. 7, pi. 20, fig. 6. 
1895. Leptsena rhomboidalis. Foerste, idem, vol. 7, p. 566. 
1895. PUctambonites rhomboidalis. Keyes, Missouri Geol. Survey, vol. 5, p. 70, fig. 6. 

The description of the Maine material representing this species is as follows: 
Shell convex-concave, quadra tely semicircular; length varying from three-fourths width to 
equal width. Greatest width along the hinge line. Shell flat in yoimger portion, abruptly 
geniculate in front. The geniculate portion is short, two-fifths to one-fourth as long as the 
flat portion and bent at about a right angle to it. The flat portion is covered with strong 
imdulations, as many as 10 or 11 in about 15 nfiillimeters. These undulations cease where the 
shell becomes bent and are absent on the geniculated portion. Musculature of pedicle valve 
oval, about as wide as long and extending nearly half the length; deeply sunken into the shell 
and surrounded by a raised ridge, formed by the dental lamellae, which curve around the 
musculature, convei^e, and nearly unite in front. The surface ornamentation consists of 
radiating flexuous elevated lines, interrupted and variable in strength; on passing over the 
wrinkled portion of the shell the lines may be well developed on the crest of the wrinkles and 
become obsolescent in the grooves; or, vice versa, the lines may be well developed in the grooves 
and obsolescent on the crests. The geniculate portion of the shell is marked by radiate lines. 
The lines are about equal to the interspaces. At a distance of 12 millimeters from the beak 
11 have been counted in the space of 3 millimeters. . Punctse or minute canals extend forward 
and outward through the shell substance and are arranged in rows opening exteriorly on the 
elevated radiate lines.* 

The Chapman specimens are all small, having the following dimensions: 

Dimensions of specimens of Leptssna rhomboidalis. 



Length (mil- 
limetere). 


Breadth (mil- 
limeters). 


Height of ^enicula- 
tion (millimetere). 


Shape of umbonal 
portion. 


9 
18 


13 
19 
22 
23 


5 
7i 


Concave. 
Convex. 
Convex. 
Flat. 


19 


4J 



The geniculation is very abrupt in all the specimens upon which it is visible, so that these 
shells can not possibly be considered to belong to the variety ventricosa Hall. 

Locality: Chapman sandstone; three pedicle valves found at Edmunds Hill and another 
at west side of Edmunds Hill, Chapman Township, Aroostook County, Maine. 

U. S. National Museum, catalogue Nos. 59698, 59699. 
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Genus SCHTJCHEBTELLA Girty, 1906. 
SCHUCHERTELLA WOOLWORTHANA (Hall). 

Plate III, figure 10. 

1842. OrthU umbraculum [not Schlotheim]. D'Archiac and De Vemenil, Geol. Soo. London Trans., 2d ser., vol. 6, 

p. 396. 
Devonian: Kentucky [not Plymouth, England, nor the Eifel, Grermany, nor Ferques, France =0. umbraculum 
Schlotheim s. str.]. 

1843. Orthis umbraculum [not Schlotheim]. F. A. Roemer, Die Versteinerungen dee Harzgebirges, p. 11, pi. 4, fig. 4. 
(Spiriferen) sandstone: On the Kahlebeige and the Schalke, Harz Mountains, Germany [not Gerolstein in the 

Eifel=:0. umbraculum Schlotheim s. str.]. 
??1843. Orthis vetusta. F. A. Roemer, idem, p. 11. 

Dark limestone [Hercynian]: Hilkenschwende in the Harz, Germany. 

1845. Orthis crenistria [not Phillips]. De Vemeuil, Soc. g6ol. France Bull., 2d ser., vol. 2, p. 458. 
[Upper Eo-Devonian]: Province of Asturias, Spain. 

1846. Orthis sulivani. Morris and Sharpe, Geol. Soc. London Quart. Jour., vol. 2, p. 275, pL 10, fig. 1. 
Lower Devonian: Falkland Islands. 

1850. Orthis devonica [not Keyserling]. De Vemeuil, Soc. g6o\. France Bull., 2d ser., vol. 7, p. 161. 

[Upper Eo-Devonian]: Veneres and Sabero (Leon), Ferrones and Amao (Asturias), Spain [not Ferques, France; 
Russia; nor Persia]. 
1850. Leptama umbraculum [not Schlotheim]. F. A. Roemer,^ BeitrSge zur geologischen Kenntniss des nordwestiichen 
Harzgebirges, p. 105. 
"Upper Silurian" (?) [Hercynian]: Harz Mountains, Germany. 
1850. Orthis umbraculum [not Schlotheim]. Zeiler, Naturh. Ver. preuss. Rheinlande Verh., vol. 7, p. 143. 

Goblentzian graywacke: Coblentz and vicinity, Germany. 
1850. Orthis devonica [not Keyserling]. De Vemeuil, Soc. g^ol. France Bull., 2d ser., vol. 7, p. 781. 

Devonian [higher Eo-Devonian]: St. Jean-sur-Mayenne, France, and Asturias, Spain (not Ize, Ferques, Vire, 
Les Courtoisieres, France; Russia; nor Persia). 

1852. Leptaena vetusta. F. A. Roemer, Beitrdge zur geologischen Kenntniss des nordwestiichen Harzgebirges, p. 98, 

pi. 15, fig. 1. 
Silurian [Hercynian] limestone: Hilkenschwende, in the Harz Mountains, Germany. 

1853. Orthis hipparionyx [not Vanuxem]. Schnur, Palaeontographica, vol. 3, p. 217, pi. 40, figs, la, b, c. 
[Eo-Devonian] lowest limestone beds and graywacke not far below: Priim, in the Eifel, Germany. 

1854. Orthis hippany^. Wirtgen and Zeiller, Naturh. Ver. preuss. Rheinl&nde Verh., vol. 11, p. 478. 

Rhein graywacke: Lahneck, Niederlahnstein, Rhense, Laubach, Giels, Winningen, Hatzenport, Brodenbach, 
Burgen, Asterstein, and Unkel, Rhenish Germany. 
1854. Orthis umbraculum [not Schlotheim]. Tschihatschef!, Soc. g^l. France Bull., 2d ser., vol. 11, p. 413. 

Rh^nan: "Guenkson" Valley, between Alemdagh and Boulgourludagh, Asiatic side of the Bosphorus, Asia 

Minor. 
(Orthis hipparionyx. De Vemeuil and Barrande, idem, vol. 12, p. 1016. 
{Orthis devonica. De Vemeuil and Barrande, idem. 
Lower Devonian: Puerto del Ciervo, Spain; France; and the Rhine. 
1856. Strophomena sulivani. Sharpe, Geol. Soc. London Trans., 2d ser, vol. 1, p. 209, pi. 26, figs. 18-19. 
Dark-colored schist and reddish aigillaceous rock [Eo-Devonian]: Warm Bokkeveld, South Africa. 

1856. Strophomena hainii Sharpe, idem, p. 208, pi. 26, figs. 13, 17. 
Lower Devonian: Warm Bokkeveld, South Africa. 

1857. StrophoTnena woolworthana. Hall, New York State Cab. Nat. Hist. Tenth Ann. Rept., p. 48, figs. 
Lower Helderberg [New Scotland] shaly limestone: Albany and Schoharie counties, N. Y. 

1857. StrophoTnena ohovata. Zeiler, Naturh. Ver. preuss. Rheinlande Verh., vol. 14, p. 51, pi. 4, figs. 19-20. 
Sandy graywacke (Lower Devonian): Burgen-an-der-Mosel, Germany. 

Not 1857. Orthis hipparionyx. Krantz, idem, p. 153 [S. umbraculum s. str.]. 
Lower Devonian: Menzenberg (near Unkel), Germany. 

1858. Leptaena vetusta. Giebel, Die silurische Fauna des Unterharzes, p. 50, pi. 4, fig. 2. 

"Silurian" [Hercynian] limestone: Magdesprung and Hilkenschwende, in the Harz Mountains, Germany. 

1859. Strophomena tooolworthana. Hall, Paleontology of New York, vol. 3, p. 192, pi. 17, figs. 1, 2. 

Shaly limestone [New Scotland] of the Lower Helderberg: Helderberg Mountains, Schoharie, Carlisle, and 
Hudson, N. Y. 

1860. Streptorhynchus pandora. Billings, Canadian Jour., vol. 5, p. 226, figs. 12, 13. 
Comiferous limestone: Cajruga, Ontario. 

1 This was believed to be identical with Vanuxem's ffipparionfx proximtu, but is now regarded as a member of the groap of SchuekerteUm 
amlivanii. It is of enormous slxe, with rounded shoulders, giving the shell a circular outline. 



MOLLUSCOIDEA. 35 

1863. Streptorhynchus pandora. Billings, Geology of Canada, p. 369, ^. 384. 

Comiferous limestone: West of Grand River in Haldemand and Norfolk counties, Canada West. 

1863. Streptorhynchus tuoolworthana. Billings, idem, p. 957, fig. 449. 
Lower Helderberg: New York. 

1864. Orthis umbraculum. De Vemeuil, Soc. g6ol. France Bull., 2d ser., vol. 21, p. 151. 

Lower Devonian: Gueuk-sou Valley between Alemdagh and Boulgourladagh, Asiatic Asia Minor. 
1864. Orthis hipparionyx (?). Davidson, British fossil Brachiopoda, Devonian, p. 90, pi. 17, figs. 8-11. 

Lower Devonian: Looe, Cornwall, England. 
1866. Orthisina umbraculum, F. A. Roemer, Die Versteinerungen des Harzgebirges nach den Formationen gtordnet, 
p. 20. 

Spiriferen sandstone: Kahleberg, Harz Mountains, Germany. 
1866. Orthis devonica. De Vemeuil, in Tschihatscheff, Asie Mineure, Pal^ontologie (G^logie, pt. 4), p. 34, and 
Appendix, 1869, p. 486. 

Lower Devonian: Near Kartal, Asia Minor. 
1870. Orthis cf . 0. umbraculum. Quenstedt, Petrefactenkunde Deutschlands, pi. 56, fig. 35. 

Rhenish Lower Devonian: No locality given. 

1870. Orthis strigosa. Quenstedt, idem, pi. 56, figs. 55, 56. 

Rhenish Lower Devonian: Lauback Valley, near Coblentz, Germany. 

1871. Streptorhynchus umbraculum and var. gigas. Rayser, Deutsche geol. Gesell. 2^itschr., vol. 21, pp. 316, 319, 328, 

366, 371. 

Lowest Coblenzian: Between Oberstadtfeld and Niederstadtfeld, near Daun. 

Ahrien-Coblenzian transition graywacke: Waxweiler and Daleiden. 

Coblenzian calcareous lenses: Prtlm, Hersdorf, and Schonecken. 

Cultrijugatus zone: Elwerath, near Priim. 

All localities in the Eifel, Germany. 
?1874. Streptorhynchus agassizi. Hartt,> Buffalo Soc. Nat. Sci. Bull., vol. 1, p. 248, pi. 9, figs. 3, 4, 10, 16, 17, 23, 25, 
26, 28-30. 

Middle Devonian sandstone: Erere, Brazil. 
1874. Streptorhynchus pandora. Nicholson, Paleontology of Ontario, p. 70. 

Comiferous limestone: Port Colbome and Hagersville, Ontario. 
1877. Hemipronites cfiemungensis var. arctostriata. Meek,^ U. S. Geol. Expl. 40th Par., vol. 4, p. 35, pi. 3, fig. 2. 

Devonian dark limestone: The Grate, northwest of Eureka, Nev. 
1877. Streptorhynchus gigas [not McCoy]. Oehlert, Soc. g^l. France Bull., 3d ser., vol. 5, p. 598. 

Lower Devonian: La Baconniere, Mayenne, France. 
1877. Streptorhynchus devonicus. Oehlert, idem, p. 598. 

Lower Devonian: La Baconniere, St. Jean and St. Germain, Mayenne; in the Sarthe; and generally through- 
out western France. 

1877. Streptorhynchus umbraculum [not Schlotheim]. Oehlert, idem, p. 599. 
Lower Devonian: Mayenne, France. 

1878. Streptorhynchus umbraculum [not Schlotheim]. Kayser, Geol. Specialkarte Preuss. Abh., vol. 2, pt. 4, p. 197, 

pi. 29, figs. 1, 2. 
Hercynian limestone and accompanying sandy shales: Klosterhalz, in the Harz Mountains, Germany! 
1878. Streptorhynchus agassizi. Rathbun [not Hartt?], Boston Soc. Nat. Hist. Proc, vol. 20, p. 24. 
Devonian [Eo-Devonian] sandstone: Rio Maecuru ^ and 7Rio Curua, Brazil. 
[??Meso-Devonian]: Erere, Brazil. 
1882. Streptorhynchus umbraculum [not Schlotheim]. Barrois, Soc. g^l. Nord M6m., vol. 2, p. 239 (pars) (not pi. 9, 

fig. 2). 
Amao [Cultrijugatus] limestone: San Roman, Asturias, Spain. 
Ferroiies limestone: Moniello and Raneces, Asturias, Spain. 

Nieva [Spiri/er hystericus] limestone: St. Jean de Nieva and Areas, Asturias, Spain. 
1882. Streptorhynchus umbraculum. Follmann, Naturh. Ver. preuss. Rheinllinde Verb., vol. 39, pp. 147, 148, 178. 
Graywacke (with Chondrites, Spiri/er cultrijugatus^ Chonetes plebeia, and C. dilatata): North of Bausendorf on the 

road to Hontheim; mountain side between the Schaufelsbach and Elterbach, right side of the Alf Valley 

(p. 148), and in the overlying shales in the Alf Valley (p. 154); all in the Eifel, Germany. 
Upper graywacke and Chondrites layers: OIkenbach, Germany. 
Lower (brachiopod) shales: OIkenbach and near Coblenz, Germany. 



1 Hartt states (p. 249): "Cardinal process small, thJn, blfld above, with the two small processes on each side projecting backward. A small 
projection in the center below extends a little forward and toward the ventral valve." This "small projection " may represent the median stump 
of the cardinal process noted by Hall and by Davidson in the Middle Devonian types, or Hartt may refer merely to the median septum, which 
is weakly developed. An examination of Hartt's material has been made in the Cornell University Museum cdUections, but in the short time 
which could be devoted to the matter, no specimens could be found sufficiently well preserved to note the requisite details of the cardinal process. 
According to Hartt, the delthyrium has the width equal to or slightly greater than the height. In the Lower Devonian type the delthjrrlum 
is commonly wider, but there is very little difference in regard to this point. 

> Meek's specimens are regarded by Walcott (1884) as being more conformable with O. pandora than O. arctottriata. 

* Maecuru forms have brachial valve more convex, pedicle umbo more elevated; dental plates reach forward liuther, and cardinal process is 
broader than in Erere forms. Abundant at Rio Maecuru, rare on Rio Curua. 
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1882. Strophodonta woolworthana. Stevenson, Pennsylvania Second Geol. Survey Rept. T2, p. 134. 

Lower Helderberg chert beds just below the Oriskany; Long Ridge, near Beaver Dam Run, King Township, 
Bedford County, Pa. 

1883. Streptorhynchus woolworthana. Hall, New York State Geologist Second Ann. Rept., pi. 39, figs. 25-31. 
Lower Helderberg group: Near Clarksville, N. Y. 

71884. Streptorhynchiis chemungensis (pars). Walcott, U. S. Geol. Survey Mon. 8, pi. 13, fig. 7 [not fig. 16]. 

Devonian limestone: Eureka district, Nov.; Lone Mountain, 18 miles northwest of Eureka; also on north end of 
Pinon Range, Nev. 

1885. Sfreptorhynchus umhraeulum [not Schlothelm]. Gosselet, Soc. g^l. Nord Annales, vol. 13, p. 358. 
Upper Taunusian: In vicinity of Juaseret, Luxembourg. 

1886. Streptorhynchits woolworlhanug. Darton, Am. Jour. Sci., 3d ser., vol. 31, pp. 212-214. 
Lower Helderberg: Cornwall station, Orange County, N. Y. 

1887. Streptorhynchus umhraeulum [not Schlothelm]. Schulz, Naturh. Ver. preuss. Rheinlande Verb., vol. 44, pp. 

143, 144, 145. 
Uppermost Coblenzlan shales [underlying the Meso-Devonian Orthoceras shales]: Near Olpe, Meggen, Alten- 
kunden, Langenel, Saalhausen, and Wingeshausen, Germany. 

1888. Streptorhynchus umhraeulum [not Schlothelm]. Stuart-Menteath, Soc. g6ol. France Bull., 3d ser., vol. 16, p. 411. 
[Upper Eo-Devonian limestone]: South of Sumbilla and at Eyharce, in the western Pyrenees. 

1889. Streptorhynchus pandora. Miller, North American geology and paleontology, p. 379. 
Schoharie grit and Corniferous limestone. 

1889. Streptorhynchus woolworthanum. Miller, idem, p. 379. 

Lower Helderberg group. 
1889. Streptorhynchus umhraeulum [not Schlothelm]. Kayser, K. k. preuss. geol. Landesanstalt Abh., Neue Folge, 
Heft 1, p. 100 (?pl. 12, fig. 4), pi. 18, figs. 1-5. 
Upper Coblenzlan (most abundant): Coblenz quartzite; Lower Coblenzlan; Taunus quartzite (doubtful); Rhine 

Valley. » 
Lower Devonian quartzite sandstone: Kahleberg, in the Upper Harz Mountains, Germany. 
1889. StropJiomena woolworthana (identified by James Hall): Pennsylvania Second Geol. Survey Rept. 03, pp. 207, 212. 
Lower Helderberg limestone [New Scotland]: North slope of the Hogback below the mouth of Big Bushkill 

Creek, Pike County, Pa. (p. 207). 
Hamilton strata: Marshalls Creek, Monroe County, Pa. (p. 212). 
1889. Streptorhynchus pandora. Schuchert, New York State Geologist Eighth Ann. Rept. (for 1888), p. 52. 
Oriskany: North Cayuga, Canada West. 

1891. Streptorhynchus umhraeulum [not Schlothelm]. FoUmann, Naturh. Ver. preuss. Rheinl&nde Verb., vol. 45. 
Middle Coblenzlan (Coblenz quartzite): Ehrenbreitenstein (p. 131), Oberlahnstein (p. 149). 

Upper Coblenzlan (lower part or Chondrites beds): Oberlahnstein (p. 150). 

Upper Coblenzlan (upper beds with 5. cultrijugatu^s): Many localities about the Coblenz district (pp. 134, 135, 
136, 145, 147, 152, 153) and in the Eifel (p. 158). 

1892. Orthothetes woolworthana. Hall and Clarke, Paleontology of New York, vol. 8, pt. 1, p. 255, pi. 9, figs. 25-31. 
Lower Helderberg group: Near Clarksville, N. Y. 

1892. Orthothetes sp. a. Ulrich, Neues Jahrb., Beilage Band 8, p. 76, pi. 4, fig. 30. 

Huamampampa sandstone (lower beds): Heights between Huamampampa and Ida, Bolivia. 
1892. Orthothetes sp. p. Ulrich, idem, p. 76. 

Huamampampa sandstone (lower beds): Between Tortora and Chalhuanl, Bolivia. i 

1895. Streptorhynchus umhraeulum [not Schlothelm]. Kayser, Soc. g^l. Belgique M^m., vol. 22, p. 209, pi. 4, fig. 13. 
Upper Rhenan: Pepinster, Belgium. 

1896. Orthothetes hipponyz. Oehlert, Soc. g^l. France Bull., 3d ser., vol. 24, p. 856, pi. 27, figs. 12-16 (not 9-11). 
Lower Devonian: Santa Lucia, Spain. 

1897. Orthis (?) sulivanti. Schuchert, U. S. Geol. Survey Bull. 87, p. 293. 
Lower Devonian: Falkland Islands. 

1897. Orthothetes chemungensis var. pandora. Weller, Jour. Geology, vol. 5, No. 6, p. 629. 
Corniferous Umestone: Devil's Bake Oven, near Grand Tower, Jackson County, 111. (zones II, 13). 

1898. Streptorhynchus umhraeulum. Poussin, Soc. g6ol. Belgique M6m., vol. 25, p. 32. 
Uppermost Eo-Devonlan: Eseneux, Belgium. 

1898. Orthothetes chemungensis [not Conrad]. Bownocker, Denison Univ. Sci. Lab. Bull., vol. 11, pi. 7. 

Corniferous limestones: Harrlsburg, Columbus, Marble Cliff, Marlon, Kelleys Island, and Radnor, Ohio. 
1898. Orthothetes umhraeulum [not Schlothelm]. Kayser, Palfiont. Inst. Univ. Wien Mitt., Bd. 12, Heft 1, p. 38. 

Lower Devonian calcareous beds: Between Pendik and Kartal, north shore of Marmora Sea, Asia Minor. 

Lower Devonian (upper beds): Rhine district, Germany. 



1 The figured spocimena shown in pi. 18 are from the Upper Coblenxian (Bauaendorf near WittUch, fl|p. 1, 4; Miellen below Enu, fig. 2) and 
ftam the Lower Coblenzlan (Stadtfeld, fig. 3; Zensohiod, in the Elfei, fig. 5). 
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1899. Orthothetes cf. 0. woolworthana. Proeser, New York State Geologist Seventeenth Ann. Kept, (for 1897), pp. 
341, 351. 

New Scotland shal> limestone: Oniskethau Creek (p. 351). 

Becraft limestone: Countryman Hill (p. 341) and Oniskethau Creek, Albany County, N. Y.» 
1899. OrthotheUs pandora. Proaser, idem, p. 352. 

Schoharie grit: Oniskethau Creek, Albany County, N. Y. 

1899. Orthothetet woolworthantts. Schuchert, Am. Jour. Sd., 4th ser., vol. 7, p. 432. 
Oriskany chert: Camden, Benton County, Tenn. 

1900. Orthothetes chemungensis aretiatriattLa [not Hall]. Kindle, Indiana Dept. Geology and Nat. Kes., Twenty-fifth 

Ann. Kept., p. 593, pi. 6, fig. 3. 
JefiFersonville limestone: Falls of the Ohio, Lancaster, Scipio, Kent, and Newbem, Ind. 
1900. Orthothetes woolworthanue, Schuchert, Geol. Soc. America Bull., vol. 11, pp. 283, 293, 307, 322. 
Lower Helderberg (New Scotland): New York and Tennessee. 
Oriskany: Becraft Mountain, N. Y., and Camden, Benton County, Tenn. 

1900. Orthothetes pandora. Schuchert, idem, pp. 293, 325. 

Upper Oriskany: Oneida and North Cayuga townships, Ontario. 

1901. Orthothetes woolworthantts. Prosser, New York State Geologist Eighteenth Ann. Kept, (for 1898), pp. 55, 58. 
New Scotland shaly limestone: Indian Ladder section, Countryman Hill (p. 55), and High Point, Altamont 

(p. 58); Albany County, N. Y. 
1903. Orthothetes agassizx. Katzer, Geologie des unteren Amazona^gebietes, pi. 11, fig. 6. 

Lower Devonian: Kio'Curua and Kio Maecuru, Para, Brazil. 

Middle (?) Devonian: Erere, Para, Brazil. 
1903. Orthothetes woolworthanus. Weller, Paleontology of New Jersey, vol. 3. 

Coeymans limestone: Just below Platbrookville (pp. 85, 278, pi. 27, fig. 5). 

New Scotland cherty limestone: One-half mile below Hainesville (pp. 88, 303, pi. 34, figs. 4. 5). 
1903. Orthothetes pandora. Weller, idem. 

Onondaga limestone: 4 miles, and 2 miles northeast of Flatbrookville (pp. 104, 367). 

Newfoundland grit: West of Greenwood Lake (pp. 105, 373, pi. 52, fig. 8). (Not p. 380, pi. 53, fig. 6, which is 
probably 0. aretostriatus.) 
1903. Orthothetes woolworthanus. Grabau, New York State Mus. Bull. 69, p. 1059. 

New Scotland shales: Becraft Mountain, Columbia County, N. Y. 
1903. Orthothetes woolivorthanus. Van Ingen and Clark, idem, pp. 1188, 1190, 1191, 1197, 1203, 1206. 

Basal Coeymans lower, middle, and upper New Scotland, and lowermost Port Ewen: About Kondout, N. Y. 

Oriskany: Glenerie, N. Y. 
1903. Orthothetes sulivani (Moiris and Sharpe). Reed, South African Mus. Annals, vol. 4, pt. 3, p. 170, pi. 20, fig. 8. 

Bokkeveld sandstone: Nitkonst and Gydo Pass, Ceres; and Wolvaart's farm, near Ceres Village; Cape Colony. 
1905. Orthothetes woolworthanus mut. gaspensis, Clarke, New York State Mus. BuU. 80, pt. 145. 

Grand Greve limestones: North Shore of Gaspe Bay, Quebec. 
1905. Orthothetes woolworthanus. Shimer, idem, p. 242, 265. 

Upper New Scotland (pp. 195, 200, 208, 220); Becraft (p. 233); Port Ewen (p. 197); Lower Oriskany or 
Dalmanites dentatus zone (p. 185); Upper Oriskany or Spirifer munhisoni zone (p. 189): Tribolite 
Mountain, N. Y. 
1905. Orthothetes wooltvorthanus, Williams and Kindle, U. S. Geol. Survey Bull. 244, pp. 28, 40, 47. 

"Oriskany *' [Lower Helderberg] coarse sandstone: East Fork of Powell River, Wise County, Va. 

''Oriskany" [Lower Helderberg] sandy and cherty beds: Southern Railway northeast of Big Stone Gap, Wise 
County, Va. 

Lewistown limestone [upper Lower Helderberg]: Half a mile north of Covington, Alleghany County, Va. 
1907. Orthothetes (Schuchertella) woolworthanus gaspensis. Clarke, New York State Mus. Bull. 107, p. 279, figs. 

Lower Devonic: Grand Greve and Shiphead, Quebec. 

A typical brachial valve of this species was found at Big Brassua Lake, Somerset County, 
Maine, in the Moose River sandstone. The specimen has the following characters: 

Shell regular, not distorted; length 32 millimeters, width 38 millimeters; greatest width 
just in front of the hinge line; sides of shell nearly straight; front semicircular; greatest con- 
vexity of the brachial valve in front, depressed convex toward the umbone; mesial sinus very 
obscure or absent. On the interior of the brachial valve the vascular markings are represented 
by radiating undulose wrinkles. The musculature is flabellate, extending about one-third the 
length or a trifle more. It is a little wider than long and is marked by a low round median 
septum or ridge. Posteriorly the musculature is bounded by a vertical partition composed 
of the crural bases bearing the lobed cardinal process at the apex. The radial ornamentation 

1 Mr. Breger has ooUocted this species in Prosser's Countryman Hill section In the New Scotland limestone. 
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is preserved on the internal mold in the typical Schuchertella fashion, forming a fringe or 
border of close-set regular lines around the margin of the shell from one cardinal angle to the 
other. These lines on the internal mold are rounded, strongly elevated, wider than the inter- 
spaces, and as numerous on the sides of the shell just in front of the hinge as they are on the 
front of the shell. When the specimen was entire there must have been from 155 to 160 lines 
on the margin, or 22 in 10 millimeters. The lines are equal except for an occasional newly 
implanted Une which, though finer at first, quickly grows to the strength of the others. The 
lines increase by implantation. 

U. S. National Museum, catalogue No. 59700. 

Remarks on Schuchertella woolworthana. — ^This species was described from the New Scotland 
(*'Delthyris shaly") limestone of the Helderbei^ Mountains and Schoharie, Carlisle, Hudson, 
and Catskill, N. Y., and is commonly presumed to be a New Scotland species. It occurs 
also in corresponding beds in Tennessee. As is indicated in the synonymy, this species is now 
seen to have the following range: 

Coeymans limestone: Becraft Mountain and Litchfield, N. Y., and northern New Jersey. 

New Scotland limestone: New York, New Jersey, and Pennsylvania, and in supposedly correspondingly beds in Ten- 
nessee. 

Becraft limestone: Trilobite Mountain, near Port Jervis, N. Y. 

Port Ewen limestone: Becraft Mountain, New York; and in supposedly corresponding horizons in Virginia and at 
Gaspe Bay, Quebec. 

Oriskany sandstone: Glenerie, N. Y.; and in beds containing Oriskany fossils at Camden, Tenn. 

Hamilton formation (Meso-Devonian): Pennsylvania (identified by James Hall). 

Specific relations. — SchucherteTUi woolwortharui belongs to the group of Schuchertella with 
medium to large sized shells, not deformed, marked by a large number of closely set, equal 
or subequal, generally noncrenulated radiating lines. The occurrence of fine lines alternating 
with coarse ones occurs only in exceptional specimens, and the lines are in nearly all specimens 
close together, not distant or ** pectinate." The delthyrium is wider than high. This group 
includes S. suhplanus Conrad, S, pandora Billings, S. aga^sizi Rathbun, S. svlivani Morris 
and Sharpe, and S. umbraculum von Schlothcim (pars). 

In S. subplanus the valves are subequal and slightly convex, the cardinal area of the pedicle 
valve is slightly larger than that of the brachial valve, and the radial lines increase by bifurca- 
tion and number scarcely 100 on the margin of the shell. In S. woolworihana the valves are 
unequal; the pedicle valve commonly becomes concave in front; the cardinal area in the 
pedicle valve is much higher than that of the dorsal valve; the radial lines increase rapidly 
by implantation, and commonly number as many as 150 on the margin, though specimens 
with only 100 lines have been observed. The number of lines is somewhat less in S. a,gassin 
Rathbun, from Erere, Brazil. Schuchertella woolworihana, from the Helderberg and Oriskany 
of northeast America ; S. pandora, of the Schoharie grit and the Hamilton formation ; S. svlivani, 
from the Lower Devonian of the Falkland Islands and South Africa; and S. umbraculum 
Schlotheim and authors (pars), are four * ^species" which it is difficult to separate. No dis- 
tinction can be pointed out between S. woolworihana and S. pandora Billings as regards outUne, 
curvature, siu^ace markings, internal musculature markings, delthyriimi, and cardinal process. 

Schuchertella bainii and S. sulivani, from the Lower Devonian of South Africa and the 
Falkland Islands, agree very well with S. pandora and S, woolworihana in visible described 
characters. The South African species have only 110 to 130 radial surface Unes on the margin,* 
but in the original description of the species from the Falkland Islands, Morris and Sharpe 
note as many as 150 lines, which corresponds with the number observed in some of the North 
American forms of S, woolworihana. It must not be understood that 150 Unes on the margin 
is a persistent feature in S. woolworihana. Specimens with this large number are very common, 
as are also individuals with 100 or less; the commonest number is perhaps about 130. In 
S. hainii the lines increase by intercalation and also by bifurcation ; inS. sulivani, as identified 
in South America, apparently only by bifurcation. 

1 Reed. F. R. C, South African Mas. Annals, vol. 4, pt. 3, p. 170, 1904. 
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Schuchertetta woolworihana is more nearly related to many of the shells called by European 
authors S. urnhrcLculum than is any other American species, not excepting S. chemungensis 
Conrad, which typically has a narrow delthyrium.* Indeed, some specimens of 8. woohvorthana 
from the Coeymans limestone, Litchfield, N. Y., are almost indistinguishable superficially 
from specimens of S. umbrdculum from the Eifel. Were the labels lost, it woidd be difficult 
to distinguish the specimens. 

One of the most important and constant features in the Middle Devonian SchucherUUa 
umbracylum Schlotheim is the presence, in nearly all fairly well preserved specimens from the 
type locality, (lerolstein, and elsewhere in the Eifel, of granulations on the tops of the radiate 
lines. These granulations are conspicuous, according to many authors, particularly Schnur,* 
who described the surface as '^rough, like a file." 

In the Lower Devonian, Schuchertellas with granulose radial scidptiu'e are unknown. 
European authors have commonly combined these Lower Devonian Schuchertellas with S. 
umhrcLculum, but Oehlert has proposed (1897) to confine Schlotheim's name to the species 
from the Middle Devonian and to separate the Lower Devonian type imder the name S. hip- 
ponyx Schnur. Practically the only distinction between the Lower Devonian S. hipponyx and 
the Middle Devonian S. umhraculumf apart from the cardinal process structure to be noted 
below, is the absence of the granulose character of the surface lines in the former and, com- 
monly, their prominence in the latter, though occasionally Middle Devonian specimens of S. 
unibraculum fail to show any granulations. The Lower Devonian Orihothetes pandora Billings, 
as it occurs in the ' *Comif erous " of Canada, has no granidations, but Hall, perhaps erroneously, 
identified with it some granulate New York specimens. 

If this distinction as to granulation of surface lines is to be accepted as of specific value, 
8. woohvorthana^ 8. pandora Billings, 8. aga^sizi Rathbim, and 8. hainii and 8. sulivani Morris 
and Sharpe will be included with the 8. hipponyx Schnur as constituting a single specific group, 
to which the name 8chuchert€lla svlivani Morris and Sharpe may be ^ven. In America this 
Lower Devonian type, as represented by 8. pandora, 8. v)oolworthana, and 8, a^assizi, appears 
to run up into the Middle Devonian. The 8. urnbracukmi type in America is represented 
apparently only by the specimens (erroneously ?) recorded by Hall ' as iS. pandora Billings. 
Hall's specimens conform with Schlotheim's 8, umira^nilum not only in showing granulated 
siu^ace lines but also in having a small stump between the two branches of the cardinal process. 
This stump appears in 8. umbra^mlumy as it occurs in England and as it has been figured by 
Davidson. In the Canadian specimens of 8. pandora not only are the surface lines persistently 
not crenulated, as both Billings and Nicholson observed, but Billings has called attention to 
the fact that the two divisions of the cardinal process do not have any median stump or process 
between them. It has been shown by Hall " and by Hall and Clarke * that 8. woohvorthana 
agrees with 8. pandora Billings (not 8. pandora Hall) in lacking the median stump between the 
two divisions of the cardinal process. Thus in the granular-lined 8. umhra^culum there appears 
to be a median process between the two processes of the cardinal apophysis, but this median 
stimip is absent in the smoothly lined 8. pandora BilUngs and 8. woolivorthana Hall. These 
two distinctions taken together may prove of some importance in disentangling the synonymy 
of 8. hipponyx Schnur ( = 5. sulivani Morris and Sharpe), and 8. umbra^ulum Schlotheim s. str. 

1 In the specimens of S. chemungen^ia with fine radial surbce lines and in Upper Devonian and Carboniferous forms in general which might 
otherwise be regarded as similar to S. woolworihana the delthyrium is much narrower than in the latter species. (Cf. Paleontology of New York, 
vol. 4, pi. 10, figs. 11, 12, 14, 16, and 23, 1867.) In the Lower and Middle Devonian species S. woolworthanOf 8. pandora Billings, S. agauizi Rath- 
bun, a. nlifwni and hainii Morris and Sharpe, 8, hipponyx Schnur, and 8. umbraeulum Schlotheim, the delthyrfami is wide, twice as broad as 
high, whereas in the Upper Devonian typical 8. chemungentit Conrad as well as in the Mississippian 8. denderata Hall and Clarke the delthyrium 
is much narrower. In the typical Carboniferous forms of 8chueherUUa ereniatria Phillii>s the delthyrium is also narrow, as has been emphasired 
by De Vemeuil (Soc. gfiol. France Bull., 2d ser., vol. 7, p. 161, footnote). 

> Palaeontographica, vol. 3, p. ?16, 1853. 

• Paleontology of New York, vol. 4, p. 09, 1867. 

* Paleontology of New York, vol. 8, pt. 1, 1882. 
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SCHUCHERTELLA DEFORMIS Hall. 
Plate VII, figuree 6a and 6b. 

1867. Ortkis deformis. Hall, New York State Cab. Nat. Hist. Tenth Ann. Kept., p. 44. 

Helderberg Mountains, New York [no more precise locality or formation mentioned]. 
1859. Orthis deformis. Hall, Paleontology of New York, vol. 3, p. 174, pi. lOA, fig. 13, pi. 15, fig. 3. 

Lower Helderbeig shaly limestone [New Scotland]: Helderberg Mountains, N. Y. 
1883. Streptorhynchus deformis. Hall, New York State Geologist Second Ann. Rept., pi. 39, fig. 32. 

Lower Helderberg group: Borst's mill, Schoharie County, N. Y. 
1892. OrthotheUs deformis. Hall and Clarke, Paleontology of New York, vol. 8, pt. 1, p. 255, pi. 9, fig. 32. 

Lower Helderberg group: Borst's mill, Schoharie County, N. Y. 
1897. Orihothetes deformis. Schuchert, U. S. Geol. Survey Bull. 87, p. 296. 

Lower Helderberg: Albany Coimty, N. Y.; Cumberland, Md. 
1900. Orthothetes deformis. Schuchert, Geol. Soc. America Bull., vol. 11, pp. 264, 283. 

Lower Helderberg (New Scotland): New York and Maryland-Virginia area. 
1903. Orihothetes deformis. Schuchert, U. S. Nat. Mus. Proc., vol. 26, p. 418. 

Manlius limestone: Devils Backbone, near Cumberland. Md. 

This characteristic form is represented by a pedicle and a brachial valve. The pedicle 
valve has a length of 15 millimeters; the hinge line is straight, about 17 millimeters long; 
cardinal extremities pointed, not extended; sides slightly convei^ing toward hinge; maximum 
width in middle, 19.75 millimeters; front of shell broadly elliptical. Pedicle valve convex 
throughout; umbonal portion ventricose, swollen, somewhat distorted ; shell becoming depressed 
in front by an indefinable undulation; maximum depth one-fourth the length. Cardinal area 
rather high (3.5 millimeters), perpendicular to the swollen lunbonal portion of the shell; area 
finely striate vertically; delthyrium acute-angled (nearly 60°). Radial surface lines rounded, 
numerous, increasing by intercalation very freely in front; interspaces slightly wider than the 
lines in some parts, whereas in other parts the lines are narrower than the intervening furrows. 
About 75 lines have been coimted on the margin of this small specimen, or 10 to 12 in the space 
of 5 millimeters. 

The brachial valve is somewhat distorted, ventricose, subcircular in outline; length, 23.5 
millimeters; greatest width, 27.5 millimeters in the middle ; cardinal extremities broadly rotmded ; 
hinge short; imibonal portion strongly convex; maximum depth, 9.75 millimeters at about the 
middle of shell; median septum low, roimded, less than half the length of the shell. Radial 
surface lines rounded, closely set, equal, increasing by implantation, curving hardly perceptibly 
on the sides.^ The specimen when complete must have had about 110 surface lines on the mar- 
gin. In a very well preserved part of the shell the surface of each radial surface line is covered 
with two to four extremely fine, threadhke striae.* No concentric growth lines are present. 

This species can be readily recognized, for it is twisted or deformed and has a much swollen 
umbone in the pedicle valve. In front of this swollen umbone the pedicle valve is depressed- 
convex, flat, or concave, and is wrinkled concentrically. The cardinal area of the pedicle valve 
is high, delthyrium acute, less than 60°; cardinal area in the brachial valve linear or absent. 
The brachial valve is ventricose behind and very strongly convex throughout, much more so 
than the pedicle valve. The cardinal extremities are rounded. Radial surface lines are fine, 
close set, and equal in size, increasing by intercalation. 

The Maine material corresponds very closely with the New York specimens. The speci- 
mens described are presumably yoimg. The depression in front by an indefinable imdulation is 
evidently the beginning of the depression which in older shells characterizes the greater part of 
the surface in the anterior portion. 

Locality: Chapman sandstone, west side of Edmunds Hill, Chapman Township, Aroostook 
County, Maine. 

U. S. National Museum, catalogue No. 59701. 

1 This character is one of the principal criteria to distinguish this specimen from superficially similar, small, circular valves of Hipparionyx 
occurring in the same locality. In Hipparionyx the surface lines curve very strongly on the sides, and near the hinge are directed upward. 

s This character also appears in well-preserved parts of the shell in typical specimens of S. drformig from the lower part of the Helderberg group 
(Coeymans limestone), of Litchfield, N. Y. 
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Comparisons. — In spite of its defonnation, S, deformis presents some characters which are 
pretty constant in appearance and which will serve to distinguish it easily from the other 
American forms. S. deformis is the first deformed SchucherteUa recorded in North American 
f aimas, with the probable exception of a very similar and yet peculiar SchucherteUa ( ?) from 
the Decker limestone in New Jersey. This form, called by Weller ^ S. decJcerensiSf resembles 
S. deformis in convexity and ornamentation, but whereas in S. deformis the umbo is the most 
convex or gibbous portion of the pedicle valve, in S. deckerensis Weller this part of the shell is 
deeply concave and is merely a large cicatrix of attachment. In Europe similar deformed 
Schuchertellas, widely distributed in the Lower Devonian and occurring also in the Middle and 
Upper Devonian, are grouped under the name S, devonicus, but this name, as indicated by the 
following synonymy, evidently covers several species. 

1849. Orikis crenisiria var. devonica. Keyserling, Geogn. Beobachtungen, p. 221, pi. 7^ fig. 7. 

1849. Leptsena devonica. D'Orbigny, Prodrome, vol. 1, p. 90. 

1850, 1855. Orthia devonica. Soc. g^ol. France Bull., new eer., vol. 7, p. 161; vol. 12, p. 1016. 
1865. Streptorhynchu^ dewmicus. Davidson, British fossil Brachiopoda (Devonian), p. 80. 
1869. Orthis devonica. De Vemeuil, in Tscbihatscheff, Asie Mineure, Pal6ontologie, p. 34. 

1878. Streptorhynchui devonicus. Kayser, Die fauna der g,lte8ten Devon- Ablagerungen des Harzes, p. 199, pi. 29, 
figs. 3-4, 1878. 

A deformed SchucherteUa from the Konieprussan beds (6tage F) of Konieprus, Bohemia, 
was described in 1847 as Orthis distorta Barrande.' These beds are now regarded as of the age 
of the American Helderberg to Onondaga (*'Comiferous").' The species occurs also in the 
Thuringian Tentaculite beds.* This species is regarded by Kayser ' as identical with 8. deformis 
Hall, and the strong similarity between the two is also noted by Schuchert * and may be aflSrmed 
here. In the American species, however, the brachial valve is much more gibbous than the 
pedicle valve, which is sometimes flat or even concave. In the Bohemian species the two valves 
are subeqUally and gently convex,^ and the brachial valve is apparently never gibbous as in iS. 
deformis Hall. 

Genus HIPPABIONYX (Vanuxem, 1842) HaU and Clarke, 1892. 

HiPPARiONYX UNGUiFORMis Courad. 

Plate VII, figures 1-5, 7, 8. 

1838. Leptxna unffuiformig. . Conrad, New York Geol. Survey Second Ann. Rept., p. 112 (name only). 
"Second group**: New York. 

1840. Strophomena ungui/ormis. Conrad, New York Geol. Survey Fourth Ann. Rept., p. 203 (name only). 
Oriskany sandstone: Schoharie, N. Y. 

1841. Atrypa unffuifomvu. Conrad, New York Geol. Survey Fifth Ann. Rept., p. 36 (name only). 
Middle series, including the O/iskany: New York. 

1842. HipparUmyx proximui. Vanuxem, Geology of New York, Rept. Third Dist., p. 124, fig. 29, No. 4. 
Oriskany sandstone: [Third geological district, .central New York.] 

1843. Atrypa unguiformia. Conrad (Hipparionyx proximua Vanuxem), Hall, Geology of New York, Rept. Fourth 

Dist., p. 149, fig. 4. 

Oriskany sandstone: New York. 
1843. Orthis conradi.^ Castelnau, Essai sur le syst^me silurien de TAm^rique septentrionale, p. 37, pi. 15, fig. 4. 

Schohavie. N. Y. 
1843. Orthis un^iformis. Castelnau, idem, p. 37, pi. 15, fig. 3. 

Schoharie, N. Y. 
cf. 1853. Orthis hipparionyx. Schnur, Palaeontographica, vol. 3, p. 217, pi. 40, fig. 1. 

Graywacke beds: Prflm, in the Eifel, Germany. 

1 Paleontology of New Jersey, Paleotoic faunas, p. 229, pi. 20, Ars. 6 and 7. 

s Barrande, Joachim, in Haidinger, Wilhelm, Naturwissenschaftliche Abbandlungen, vol. 2, p. 2a'), pi. 19, fig. 2, 1S47-48. 

* Schuchert, Charles, Qeol. Soc. America Boll., vol. 11, p. 264, 1900. 

* Richter, Deutsch. geol. Oesell. Zeitschr., vol. 18, p. 416, pi. 6, flKS. 8-10. 

* Kayser, Emanuel, Die Fauna der Utesten Deyon-Ablagerungen dea Harses, p. 199, 1878. 

* Op. cit., p. 264. 

^ Barrande, Joachim, Syst^me silurien du centre de la BohAme, vol. 5, pi. 58, figs. 4-5; pi. fiO, fig. 4, 1852. 

> This species is described on p. 37 before O. unffuiformis, but from the description it is evident that the latter was a well-known fossil. 
Castelnau says of O. conradL' "Cette esp^ce a asses la forme de Vunguiformia; comme elle, elle est orbiculaire," etc. 
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1858. Atrypa unguiformis. Rogers, Geology of Pemuylvania, vol. 2, pt. 2, p. 826, fig. 631. 
Meridian formation: Pennsylvania. 

1859. Orthis hippanemyx. Hall, Paleontology of New York, vol. 3, p. 407, pi. 89, figs. 1^; pi. 90, figs. 1-7; pi. 91, 

figs. 4, 5; pi. 94, fig. 4. 
Orlskany sandstone: Albany, Schoharie, Herkimer, Oneida, and Onondaga counties, N. Y. 

1859. StropJiodanta intermedia. Hall, idem, p. 482, pi. 95 (A), figs. 13-14. 
Oriskany sandstone: Cumberland, Md. 

1860. Atrypa unguiformis. Dawson, Canadian Naturalist, vol. 5, p. 140. 
Oriskany iron ore beds: Nictaux, Nova Scotia. 

1860. OrtkU unguiformis. Emmons, Manual of geology, p. 129, fig. 115, Noe. 4, 5 (also in 2d ed., 1863). 

Oriskany: No locality indicated, 
cf. 1865. Orthis hipparionyx? Davidson,* British fossil Brachiopoda (Devonian), vol. 3, p. 90, pi. 17, figs. 8-11. 

Devonian sandstone, Looe, Cornwall. 
1878. Orthis hipparionyx. Ashbumer, Pennsylvania Second Geol. Survey Rept. F, p. 239. 

Oriskany (Meridian) ferruginous sandstone: Railway cut at Three Springs and at the ends of Royer and Sandy 
ridges, Huntingdon County, Pa. 

1881. Orthis hipparionyx (?). Davidson,^ vol. 4, pt. 4, p. 347, pi. 39, fig. 1. 
Budleigh-Salterton pebble bed. 

1882. Orthis hipparionyx. I. C. White, Pennsylvania Second Geol. Survey Rept. G6, p. 124. 
Oriskany sandstone: Brodhead Creek, Monroe County, Pa. 

1883. Streptorhynchus hipparionyx. Hall, New York State Geologist Second Ann. Rept., pi. 39, figs. 33-36. 
Oriskany: New York; Cumberland, Md. 

1887. Orthis hipparionyx. Ami, Canada Geol. Survey Ann. Rept., new ser., vol. 2, p. 9N. 

Oriskany slates and sandstones: Campbell River, at mouth of Don River, New Brunswick. 
1889. Orthis hipparionyx. Claypole, Pennsylvania Second Geol. Survey Rept. 03, p. 130. 

Oriskany sandstone: Various outcrops in Perry County, Pa. 
1889. Orthis hipparionyx. Simpson, idem, p. 209. 

Oriskany sandstone: Royers Ridge, north of road crossing at Orbisonia, Huntingdon County, Pa. 
1889. Strophodonta intermedia. Schuchert, New York State Geologist Eighth Ann. Rept. (for 1888), p. 52. 

Oriskany: Cumberland, Md. 
1889. Orthis hipparionyx. Lesley, Pennsylvania Second Geol. Survey Rept. P4, p. 517, figs. 

Oriskany sandstone: Huntingdon, Perry, and Monroe counties. Pa. (For localities see 1878, Ashburner; 1882, 
I. C. White; 1889, Smipeon; 1889, Claypole.) 

1891. Atrypa unguiformis. Dawson, Acadian geology, 4th ed., p. 499. 
Nictaux iron ore and accompanying slates: Nictaux River, Nova Scotia. 

1892. Hipparionyx proximus. Hall and Clarke, Paleontology of New York, vol. 8, pt. 1, p. 257, pi. 9, figs. 33-36; 

pi. 15A, figs. 9-11. 
Oriskany sandstone: New York; Cumberland, Md.; Cayuga, Ontario. 
1892. Hipparionyx proximus. Clarke, Am. Jour. Sci., 3d ser., vol. 44, p. 413. 

Oriskany: Becraft Mountain, N. Y. 
1899. Hipparionyx proximusf. Proeser and Rowe, New York State Geologist Seventeenth Ann. Rept. (for 1897), 
p. 342. 
Oriskany dark quartzitic sandstone: Countryman Hill section, Helderberg Mountains, N. Y.' 

1899, Hipparionyx proximusf. Schuchert, Am. Jour. Sci., 4th ser., vol. 7, p. 431. 
Camden chert: Camden, Benton County, Tenn. 

1900. Hipparionyx proximus. Schuchert, Geol. Soc. America Bull., vol. 9, pp. 314, 315, 321, 325. 
Camden chert: Camden, Benton County, Tenn. (p. 321). 

** Monterey" formation: Cumberland, Md. 

Oriskany: Branch of Potomac River, Pendleton County, W. Va. (p. 315); Oneida and North Cayuga townships, 
Ontario (p. 325). 

1900. Hipparionyx proximus. Clarke, New York State Mus. Mem., vol. 3, No. 3, pp. 52, 74. 
Oriskany: Becraft Mountain, N. Y. (p. 52); Glenerie, N. Y. (p. 74). 

1901. Hipparionyx proximus. Prosser, New York State Geologist Eighteenth Ann. Rept., p. 59. 
Oriskany dark calcareous sandstone: Altamont section, Helderberg Mountains, N. Y. 

1 The form from Looe, Cornwall, is the species subsequently figured by Davidson under the same name from the Trlassic pebble beds of Bud- 
leigh Salterton, near Exmouth, Devonshire. The form occurring In tliese two places is not Hipparionyx unguiformiif the muscular scars in the 
British shells being very much smallet*. 

> The configuration of this shell is unlike Hipparionyx unguiformis and the muscular markings are smaller. It appears quite certain that this 
particular specimen is not Hipparionyx unguiformis ^ as was pointed out by Hall and Clarke (Paleontology of New York, vol. 8, p. 257). 

s Mr. Breger has collected material from this outcrop in the roadbed above Mr. Parrish's house, where the Hipparionyx is very rare and, as 
Is noted by Prosser, small. There is not, as he remembers the material, sufficient cause to doubt the identification. 

Though this species is very common and very large in the arenaceous Oriskany of central New York, where it Is one of the characteristic and 
typical fossils of that formation, it is small and rare in the Helderberg Mountains; not recorded from Triloblte Mountain; very rare and small in 
New Jersey; rare and small at Camden, Tenn.; absent at Perce Rock and in the Oaspe beds of Quebec; absent at Rondout, though common and 
typical near by at Glenerie and Becraft Mountain; rare at White Sulphur Springs; and absent in the other Appalachian Oriskany localities 
recorded by Williams and Kindle. 
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1903. Hipparionyx proximus. Weller, New Jersey Geol. Survey, Paleontology, vol. 3, pp. 101, 346, pi. 45, fig. 12. 

Spiri/er murdngoni zone or upper Oriskany (siliceous limestone): Peters Valley, N. J. 
1903. Hipparionyx proximus. Van Ingen and Clark, New York State Mus. Bull. 69, pp. 1203, 1206. 

Oriskany sands and cherty limestones: Glenerie, N. Y. 
1905. Hipparionyx proximus. Williams and Kindle, U. S. Geol. Survey Bull. 244, pp. 34, 47. 

Oriskany coarse sandstone: Rear of Alabama Row, White Sulphur Springs Hotel, W. Va. 
1905. Hipparionyx proximus. Harris, Guide to the geology of Union Springs, p. 4, pi. 12, figs. \-2. 

Oriskany sandstone: Yawger's Woods, Union Springs, N. Y. 
1905. Hipparionyx proximus. Clarke, New York State Mus. Bull. 80, pp. 145, 148. 

Grande Greve limestones: North shore of Gaspe Bay, Quebec. 
1905. Hipparionyx proximus. Clarke, New York State Mus. Bull. 82, p. 41. 

Oriskany granular quartzite: TuUy quadrangle, N. Y. 

Oriskany sandstone: Yawger's Woods, near Union Springs, and at Oriskany Falls, N. Y. 

This remarkable species occurs in Maine in several modifications, all of which are likewise 
represented by typical material from New York. The seven specimens in the Maine collections 
are all pedicle valves and all small; the largest is 35 millimeters long. The outline is conmionly 
subcircular, with length and breadth as 7 : 8, widest in the middle. This is the form occurring 
in locahty 1099 M, but the specimens from Edmunds HiU are more elongate and have the 
length equal to the breadth. The pedicle valve is convex for a small space on the umbo, 
depressed on the sides and body of the shell and flat or very sUghtly concave in front. The 
hinge line is short, straight, or slightly arcuate; cardinal area very low. The musculature is 
flabellate, large, more than half the length of the shell. It is bounded on the sides by the 
dental lamellae which diverge at an acute angle * (PL VII, fig. 5), or at a right angle (PI. VII, 
fig. 2), and continue as low broad ridges which curve inward and approach a roimded mesial 
septum. The medial septum is developed in the forward part of the musculature and extends 
as far back as the adductor cicatrix, which is oval and elevated. There is no median septimi 
in the umbonal part of the musculature in the pedicle valve. In front of the musculature the 
interior of the shell is raised by a pitted callosity, probably representing the ovarian pits and 
duct. Surface marked by fine subequal radial lines which curve strongly on the sides and 
appreciably upward (and outward) about the lunbo and cardinal extremities. The greatest 
curvature of the lines is near the margin of the shell. The lines are round, subequal, strongly 
elevated, and as wide as their interspaces, number 11 or 12 — rarely 10 or 13 — in the space of 
5 millimeters, and increase by implantation. Obscure indications in the Maine and New York 
specimens of finer, fiber-like lines over the surface may be due to maceration of the shell. In 
internal molds of pedide (and brachial) valves the radial lines are conmionly represented by a 
narrow fringe or border of short lines around the margin of the shell, along the posterior margin 
nearly to the cardinal extremities. The lines in this fringe are vertical or nearly so, resem- 
bling on a coarser scale the denticulations of stropheodontoids. 

This nearly vertical lining along the posterior margin played no part in hinge articulation, 
as in stropheodonts; the structure described is both fimctionally and structurally very distinct 
from the denticulations in stropheodonts. 

After the preceding description was written a small brachial valve which can safely be 
referred to this species was found in the collections from Edmunds Hill. The specimen (an 
external mold and also an internal mold) shows strong upward curving of the radial lines on 
the posterior margins. The specimen is broadly subcircular, 26 millimeters long, 35 milli- 
meters wide (greatest width in the middle), and 7 millimeters high; the greatest convexity is 
just back of the middle. The marginal fringe of short lines around the edge is present. The 
lines increase by bifurcation, are very strongly elevated, about as wide as the interspaces, and 
number 12 or occasionally 13 in 5 millimeters at 15 to 20 millimeters from the beak. 

Locality: Chapman sandstone, Edmunds Hill, and west side of Edmunds Hill, Chapman 
Township, Aroostook County, Maine. 

U. S. National Museum, catalogue Nos. 59702, 59703. 

1 Paleontology of New York, vol. 3, pis. S9, 90. 1S39. 
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Fkmfly PRODUCTIDiG Gray. 
Qenus CHONBTBS Fischer de Waldheim, 1837. 

ChONETES 8TRIATI88IMUS dp. nOV. 
Plate VIII, figure 24; Plate IX, figuree 1-10, 13, 14, 17, 18; Plate X, figure 17. 

Shell depressed y convexo-concave, finely lineate, and with a midrib on the pedicle valve. 
Outline transversely subquadrate approaching the semicircular, width varying from a little 
over 1.5 to 1.8 times the length; greatest width in front of the hinge line just back of the 
middle. Hinge line straight, very little less than the maximum width of the shell; hinge 
extremities sharp cornered, obtuse; sides of the shell subparallel, slightly diverging, and nearly 
straight for about half the length, then broadly curving into the front mai^in of the shell, 
which is strongly arcuate. The pedicle valve is depressed convex and without any definitely 
flattened demarcated ears; the slight convexity is maintained, more or less uniformly, over all 
the surface. A typical average specimen (No. 749, PL IX, fig. 2), 18 millimeters wide and 
10 millimeters long, has a height of 1.5 millimeters. The maximum height and gibbosity 
(about one-seventh the length) are on the umbonal portion; the beak does not extend appreci- 
ably over the hinge line. The brachial valve is flat over its greater extent and becomes slightly 
concave in the front in medium-sized shells. Cardinal area linear in the pedicle valve; not 
evident in the brachial valve. 

In the pedicle valve the teeth are strong, thick, short, leaving in the internal mold two 
short, shallow, broad excavations which are strongly divergent. Between the teeth there is a 
median septum which is very narrow and short, extending one-fourth the length of the shell 
or less. The muscular and vascular impressions are not observed in any of the specimens at 
hand. In the brachial valve there is a blunt low ridge or septiun extending one-third the 
length of the shell, and on each side of it there diverges a similar but fainter and slightly 
shorter ridge. The crural processes diverge at an angle of about 180°, being nearly parallel 
to the hinge. 

The grooves between the radial elevated surface lines are deeply pitted, but the pitted 
structure does not reach the surface and is not discernible on the outside of the shell. On 
the inner laminae of the shell, especially on the internal molds, these rows of pits between the 
elevated lines are very plainly seen. They represent, on the inner surface of the shell, little 
elevated punctae or spinules with an inclosed pore, and in passing from the inside surface of 
the shell toward the outside they are inclined backward. These punctsB are, as has been stated, 
developed in the striae or grooves between the radial lines and are not to be seen on the elevated 
lines nor on the external surface of the shell. 

The surface is covered with rounded to subangular, very fine radiating lines, barely visible 
to the naked eye, about 30 (varying between 28 and 34) in the space of 5 milUmeters and in a 
medium-sized adult shell about 200 in number on the margin. The radially lined surface 
extends up to the hinge border and to the beak. These lines are uniform in size, somewhat 
flexuous, nearly as fine on the margin of an old shell as on the younger portion of the shell, and 
are also strongly impressed on internal molds. The mode of increase is by both bifurcation and 
implantation, one method or the other being variably predominant on different individuals. In 
the pedicle valve there is found on the surface a median keel or much stronger rib, formed by the 
coalescence of two or sometimes three radial lines and extending to the tip of the beak. This 
median keel is less pronounced on the internal mold, where it is hardly definable except in front; 
and in the brachial valve there is no corresponding feature. 

Very fine) closely set concentric striae are visible under the lens and are especially prominent 
in front of the hinge line on the sides, particularly in the brachial valve. The remains of three, 
four, or possibly five spines may be seen on each side of the center along the hinge margin of the 
pedicle valve. These extend outward and backward at an angle with the hinge line of over 60°, 
curving slightly, with the convex side of the curve outward. The distinguishing features of this 
easily recognized species are the fine radial lines (commonly about 30 lines in the space of 5 
milUmeters), the median keel, and the depressed convexity. 
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Locality: In the Chapman sandstone, 2 miles west of Presque Isle Stream, very common; 
2^ miles west of Presque Isle Stream (1099 K), common; Edmunds Hill (1099 C), common; 
west side of Edmunds Hill (1099 M), a varietal modification is conunon; all in Chapman Town- 
ship, Aroostook County, Maine. Along the west side of Edmunds Hill the more coarsely lined 
species Chanetes novascoticus Hall is the dominant Chonetes; the more finely lined shells referable 
to Chonetes gtriatismnus are common in apparently only a single layer. This layer contains 
Chanetes stricUissimv^ and Spirifer cyclopterus in abundance; no lamellibranchs were observed. 
Chonetes novdscoticus occurs in lithologically similar rock. It is possible that Chonetes striaiis- 
simus may be an offshoot from the Chonetes novascoticus stock, but the two are not connected 
in the Chapman sandstone fauna by any intermediate forms. 

U. S. National Museum, catalogue Nos. 59704, 59705, 59706. 

Comparisons, — Among the Chonetes species resembling C. striaiissimus are the Carbonif- 
erous forms C shuvfvardianus De Koninck* and C papUionacea Phillips.' Neither of these 
Carboniferous species has a median rib, nor is their large size ever approached by C. striaiissim'usj 
so far as known, though they agree in the depressed convexity and fine striation. 

The nearest alUes are the similarlv fine-lined Chonetes venustus Barrande' and C. hohemicus 
Barrande^ from 6tage F, Bohemia. Chonetes bohemicus is a gibbous shell, much more so than 
C. striatissimus; C. venustus, though less gibbous than C. hohemicus , has an extended hinge with 
acute extremities and well-developed auricles, whereas in C. striaiissimus the hinge is never 
extended — ^in fact, is less than the maximum width — and ears are not developed. The median 
riblet of C. striatissimus is not at all developed in C. venustus and rarely if at all in C. hohemicus* 
(See Barrande's pi. 46, fig. 2a.) 

Chonetes novascoticus Hall.* 

Plate IX, figures 11, 12, 15, 16, 19; Plate X, figures 1, 2, 3, 5-16, 18-29, 32, 33. 

1837. "Producti." Jackaon, First report on the geology of the State of Maine, p. 128, pi. 1, figs. 5, 8. 

Graywacke: Maine.* 
1860. Chonetes nova'tootica. Hall, in Dawson, J. W., Silurian and Devonian rocks of Nova Scotia, p. 13. 

Upper Arlsaig (upper Silurian) ; Arisaig, Nova Scotia. 
1860. Chonetes Nova-Scotica. Hall, Canadian Naturalist, vol. 5, p. 144, fig. 2. 

Upper Arisaig (upper Silurian): Arisaig, East River, Pictou, and Nictaux, Nova Scotia. 
1862. Chonetes novascoticus, C . H . Hitchcock, Maine Board Agr. and Geology, Sixth Ann. Rept. , p. 238. 

Lower Helderburg: Pembroke, Maine. 
1878. Chonetes Nova-Scotica. Dawson, Acadian geology, 3d ed., pp. 498, 595, fig. 199. 

Upper Arisaig (upper Silurian) : Arisaig and East River, Pictou, Nova Scotia. 

Nictaux limestone, upper Silurian, older than the Ferriferous beds: Nictaux, Nova Scotia. | 

?1879. Chonetes Nova-Scotica. Hall, New York Stote Mus. Twenty-eighth Ann. Rept., p. 155, pi. 22, figs. 11-14. 

Waldron shales: Waldron, Ind.^ 
71882. Chonetes Nova-Scotica. Hall, Indiana Dept. Geology and Nat. Hist. Eleventh Ann. Rept., p. 293, pi. 22, figs. 
11-14. 

Waldron shales: Waldron, Ind. 
not 1890. Chonetes cf . C. Nova Scotica Clarke, Mus. Nac. Rio Janeiro Arch., vol. 9, p. 24. 

Silurian: Rio Trombetas, Para, Brazil. 
1900. Chonetes nova scotica. Williams, U. S. Geol. Survey Bull. 165, p. 79. 

Chapman sandstone: Chapman Plantation, Aroostook County, Maine (locality 1099). 
1907. ChoTietes aroostookensis. Clarke, New York State Mus. Bull. 107, p. 264, figs. Lower Devonic [Chapman sand- 
stone]: Edmunds Hill, Chapman, Maine. 

« 

1 De Koninck, L. O., Recherebes sur les aniniMix fosslles; Monographle da genre Chonetes, 1847, p. 192, pi. 20, fig. 1. The species Is from the 
Keokuk limestone (IClssisslppian) of Kentucky and Indiana. 

* Idem, p. 187, pi. 10, fig. 2. Thb species occurs In the Lower Carboniferous limestones of England, Ireland* France, Belgium, Russia, etc. 
s Barrande, Joachim, Bystdme silurlen du centre de la Boh^me. voL 6, pi. 46, figs. 1, 1-6, 18S2. 

* Idem, pi. 46, flgs. II. 1-6. 

* Compare C. tenuieoHata Oehlert, Soc. gtel. France Bull., 3d ser., vol. 5, p. 599, pi. 10, flgs. 13-13a, 1877 (Lower Devonian: LaBaoonniere and 
St. Germain, Kayenne, France); also C. faittrUUa Walcott, U. 8. Oeol. Surrey Mon. 8, p. 127, pi. 13, flg. 15, 1884 (Lower Devonian limestone: Combs 
Peak, Eureka district, Nev.); and Chonetet tarcinuiatut Schlotheim and C. UUU9 Von Buch (see text). 

< Jackson's figures appear to represent a compressed form of the species which is abundant in the gray shales of the Pembroke formation of the 
Eastport quadrangle. If aine. The old Harden Clarke farm near Kelly Point, Pembroke Neck, was probably the source of Jackson's material. 

' The largest Waldron specimen has a width of 16 millimeters, but the general sixe of the material is less, perhaps 10 or 1 1 or 14 millimeters. All 
the specimens from Waldron belong, according to Hall, to the form with a strong median ray on the pedicle valve. The Waldron material dillers 
firom the Nova Sootlan in^the small size, in the persistence of the median ray or buttress, and in the disposition of the spines and other details, and is 
probably a distinct species. 
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The shell is of rather large size when mature; small specimens are about 6 by 10 millimeters; 
average specimens are about 10 by 15 millimeters, and large individuals attain a width of 30 
millimeters and a length of 14 millimeters. Depressed convexo-concave. Radial surface lines 
fine, but coarser than in C. striatissimus; midrib developed only occasionally. 

Outline semicircular; width greater than length, varying from li to 2 times the length. 
Hinge line straight, commonly equaling the greatest width of the shell, though occasionally a 
little less. Sides nearly perpendicular to the hinge line, curving in front ; front margin a broad, 
shallow arch. The pedicle valve is depressed-convex; the convexity is greatest over the poste- 
rior central portion and the mnbo; a more or less uniform slope is maintained toward the front 
and toward the sides, so that the ears are not definitely demarcated. Occasionally there is an 
obscure sinus in the pedicle valve. Maximum depth of a shell 12.5 millimeters long is some- 
what less than 2 millimeters, or approximately one-seventh the length. The brachial valve 
is slightly concave throughout. Cardinal area discernible in both valves; shghtly higher in 
the pedicle than in the brachial valve. Shell structure pitted as in CJionetes striatissimus, the 
description under that species being also apphcable here. The cardinal process was seen to 
be forked in one of the brachial valves. 

The surface is covered with roimded or subangular, moderately fine, radial lines. Usually 
there are 17 to 19 lines in the space of 5 millimeters, the extremes being 15 and 22 in mature 
shells. In yoimg shells there may be 22 to 24 lines in 5 millimeters. Mature shells attaining a 
width of 10 or 11 millimeters or a length of 19 or 20 millimeters have from 110 to 130 lines on 
the margin, generally nearer the former nmnber. A stronger median riblet is occasionally 
present, but more frequently absent; in the larger specimens it is commonly absent. The 
radial lines are somewhat flexuous, are apparently as evident on the interior as on the exterior 
molds, and cover the entire surface. The mode of increase is both by bifurcation and by 
implantation, one method or the other predominating m different shells. As is very common 
in the leptenoid genera, the striae increase by bifurcation more commonly in the brachial valve 
than in the pedicle valve. Increase of the number of lines by implantation is more conspicuous 
in the pedicle valve. Fine concentric striae are developed, as in CJionetes striatissimiLS, but they 
are generally inconspicuous. Four or five spines in the better-preserved mature shells are 
visible on each side of the center along the hinge hne; in younger shells there are three or four 
spines on each side. The spines are long, diverge sUghtly, and curve upward (backward). 

The species is conmaonly distinguished from Chonetes striatissimus by its depressed convexity 
and much coarser radial sculpture, though in some extreme modifications of Chonetes novascoticus 
the radial hnes approach in coarseness some of the less finely sculptured modifications of Chonetes 
striatissimus, 

LocaUty: Chapman sandstone; abundant on the west side of Edmimds Hill, Chapman 
Township, Aroostook Coimty, Maine. A few specimens of C. striatissimus and some forms 
somewhat intermediate between the two occur here, but there appear to be two distinct species. 
Occasionally foxmd also 2i miles west of Presque Isle Stream. 

Chonetes novascoticus Hall is an abimdant fossil in the upper beds of the Arisaig series in. 
Nova Scotia, from which the type specimens were derived. Closely related forms also appear 
abundantly in a broad belt of late Silurian rocks (Pembroke formation) extending through New 
Brunswick into the Cobscook Bay district of southeastern Maine. They have been recognized in 
collections from Nerepis, about 30 miles northwest of St. Johns, New Brunswick, and at numerous 
points on Pembroke Neck, Denbow Neck, and the Edmunds shore in Cobscook Bay. 

U. S. National Museum, catalogue No. 59707. 

Comparisons. — Some specimens of Chonetes novascoticus approach in outline and ornamen- 
tation the Chonetes striateUa of Dalman, from the Silurian of Europe, but the European species 
rarely has a median riblet and is appreciably more convex than C novascoticus. Moreover, a 
mature shell of C striateUa (11 millimeters long and 20 millimeters wide) has only from 80 to 95 
strisB, and according to De Koninck * there are never more than 100 striae, while in mature 

1 De KoniDCk, L. G., op. cit., p. 202. 
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C, novascoticuSj both from Arisaig and from Maine, there are generally over 100 and often as 
many as 146 radial lines at the margin. Finally C, Tiovascoticus attains a larger size than 
C. striatdla. 

In its fairly large size, broad outline, and medium-fine surface sculpture Chcnetes novascoticua 
recalls C. corofuUus Hall,* C.falklandums Morris and Sharpe,' C. arcei Ulrich,* C. gibbosa Kayser,* 
C. polytrichia Roemer,* C. Tiardrensis Phillips," and C. melonicus Billings.' These species are all 
more gibbous than C, novascotieiis and have (except C. gibbosa, C. hardrensis, C, mdonicuSy and 
C. polytrichia) fewer and coarser radial hnes. None of these species ever show a median rib, 
and there are also other individual distinctions. 

In the depressed convexity, size, outline, and fine radial lines Chonetes comstocki Hartt * 
resembles C. novascoticvs, but the radial lines are slightly coarser. Chonetes tenuicostata 
Oehlert • is a similar form, possibly identical with C, novascoticus. The French species attains 
a length of 15 millimeters, a width of 23 millimeters, and a thickness of 3 millimeters, and has 
120 to 130 radial lines at the margin. 

Perhaps the closest aUies are the Silurian shell, generally called Chonetes lata Von Buch or 
C. striateUa var. lata by European authors, and the Devonian species designated by European 
geologists Chonetes sarcinvlatus Schlotheim. There has always been doubt among paleon- 
tologists as to what fossil was intended for the original of the latter species. Schlotheim's 
type was a fairly large, apparently very finely ribbed and punctate shell. A Chonetes of .the 
same shape, outUne, and markings as Schlotheim's figures, having on the surface 100 or more 
fine lines, occurs in the Lower Devonian, widely distributed over Europe. This Chonetes has 
been identified with C sarcinvlata by De Vemeuil, Von Buch, F. Roemer, Schnur, Kayser, the 
Sandbergers, and others. De Koninck,*® however, maintains that finely striate sheUs ought to 
be referred to C striateUa Dalman and that the fine punctate striation of Schlotheim's fossil 
is not surface ornamentation but a common mode of preservation of the internal mold of thick 
shells which, on the surface, have an entirely diflferent ornamentation. This surface orna- 
mentation in what De Koninck maintains to be the real C sardnuLatus is not fine radial sculp- 
ture with 100 or more lines at the margin but much coarser markings, amounting almost to 
pUcations, about 16 to 18 in nimiber on the body of the shell and regularly bifurcating in front, 
so that on the margin there are about 35 very coarse, rounded lines or riblets — occasionally 
more, but commonly less than that number. To this type of Chonetes, however, the name 
C, plebeia Schnur has been given; and among German geologists the name Chonetes plebeia or 
Chonetes sarcinvlata var. plebeia is invariably apphed to such shells as have a small number of 
coarse bifurcating radial lines or ribs," whereas the name C sarcinuUUus in the typical sense is 
used by the Germans for the more finely sculptured Chonetes." Oehlert regards as Schlotheim's 
type an insinuate Chonetes with fairly high cardinal area and with 46 to 56 strong striae, a form 
similar to that which among the Germans is known as C polytrichia Roemer. Roemer's types, 
however, have 150 fine striaB. The American C Tuwascotums may be compared with this multi- 
striate form of Chonetes sarcinvlatus, but the European form is not suflSciently well described 

> Hall, JamWf Paleontology of New York, vol. 4, pi. 21, figs. 9-13, 1867. See Bchuchert, Chariee, U. 8. Oeol. Survey Bull. 87, p. 173, 1897, for 
addltioual references. 

> Reed, F. R. C, Brachiopoda from the Bokkeveld beds: South African Mus. Annals, vol. 4, pi. 171, figs. 9-10, 1903. The species occurs in the 
Falkland Islands, Argentina, Brax0, and South Africa in Lower to Middle Devonian. 

sUlrich, A., NeueaJahrb., Beilage Band, vol. 8, p. 77, pi. 4,figs. 35,36, 1892. Occurs In Middle or more probably Lower Devonian of Bolivia 
and South Africa. 

< Kayaer, Emanuel, Die Fauna der Utesten Devon- Ablagenmgen dea Harses, p. 204, pi. 30, fig. 10, 187R; Lower Devonian (Klosterholtz lime- 
stone), liars Mountains, Germany. 

» Roemer, F. A., BeitrSge eur geologischen Kenntnias des nordwestlichens Harzgebirges, pt. 3, p. 115, pi. 17, fig. 3, 1853 (as Lepisena polytrichia); 
lowest Devonian ("Silurian") limestone, Klosterholtz, Harz Mountains, Germany. This species has a broad sinus in the pedicle valve. 

• Davidson, Thomas, British Devonian Brachiopoda, p. 94, pi. 19, figs. 6-7; Upper Devonian, England. 

' Paleozoic fossils of Canada, vol. 2, p. 15, fig. 6, 1874 ; Oriakany, Qaspe, Canada. This specie; has a crenulated hinge line in the pedicle valve and 
belongs to the subgenus Eodevonvi& Breger. 

> Buffalo Soc. Nat. Sci. Bull., vol. 1, p. 250, pi. 9, figs. 5, 14, 18, 19, 31, 1874; Lower to Middle Devonian, Para, Brazil. 

* Oehlert, D. P., Soc. g&>l. France Bull., 3d ser., vol. 5, p. 599, pi. 10, figs. 13-13a, 1877. 

1* De Koninck, L. G., Recherches but les animaux fossiles: Monographie des genres Productus et Chonetes, 1847. 

" Schnur, J., Brachiopoden der Eifel: Palaeontographica, vol. 3, pi. 21, fig. 6, 1853. 

>s Oehlert, D. P., Chonetes devoniens de I'ouest de la France: Soc. g4oI. France Bull., 3d ser., vol. 11 , p. 119, pi. 14, fig. 2, 1883. Kayser, Emanuel, 
Palftont. Inst. Univ. Wien,Bd. 12, Ileft 1, pp. 28, 34, 1898 (cf. Roemer, F. A., Neues Jahrb., 1863, p. 521), Schnur, J., Palaeontographica, vol. 3, pi. 21, 
figs. 5ft, 50, 1863. 
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to warrant a union of the two. Chonetes sarcinvlatua has 100 or more strias; the shell has the 
size and wide form of Chonetes novascoticus and is depressed-convex, without definitely demar- 
cated ears, median sinus, or median rib. Although recognizing the strong possibility that 
Chonetes novascoticus may be identical with these European Eo-Devonian shells, it seems 
preferable for the present to retain the name Chonetes novascoticus Hall, 1860, especially 
considering the uncertainty enshrouding Schlotheim's types of Chonetes sarcinvlatus} 

Equally apparent is the similarity and possible identity of Chonetes novascoticus with some 
Gotland late Silurian shells that have passed under the name Chonetes lata Von Buch^ or Chonetes 
striatella Dalman var. hia, Gagel' has lately revived Von Buch's long unused Chonetes lata for 
a large, depressed species from Baltic late Silurian drift bowlders. These sheUs have more 
than 125 striae and seem identifiable with Chonetes novascoticus^ but whether Von Buch's origi- 
nals conform with this type is questionable. Von Buch's contemporaries, Sowerby* and De 
Koninck,^ as also Davidson," regarded the '^species" Chonetes Jata as having a maximum of 
less than 100 stris and as representing only a larger, wider extreme of Chonetes striateBa Dal- 
man. ^^ Chonetes laia,^' as figured by Sowerby and by Davidson from the English Upper Lud- 
low and Tilestones, differs from Chonetes novascoticus not only in the less profuse striation but 
also in having the spines curved in the opposite direction. 

Clarke has identified with Chonetes novascoticus Hall a very coarsely ribbed Chonetes 
occurring in the Silurian along Rio Trombetas, in the State of Para, Brazil.^ This Brazilian 
species is somewhat more coarsely ribbed than C. novascoticus but agrees better with the Waldron 
form, especially in its small size and in the persistent presence of a median rib. This form is 
closely allied with Chonetes zephyrus Barrande, from the Bohemian middle Silurian, 6tage E 2, 
which has medium-fine radial sculpture and a median riblet and is rather flat. 

Chonetes bastini Williams. 

Plate VIII, figure 25. 

1886. cf. ''CboneteB allied to C. comuta but much laiger and with finer ridges, Clinton." Shaler, N. S., Preliminary 
report on the geology of the Cobscook Bay district, Maine: Am. Jour. Sci., 3d ser., vol. 32, p. 56, 1886. 

1913. Chonetes bastini, Williams, U. S. Nat. Mus. Proc., vol. 45, p. 337, pi. 30, figs. 6, 7, 10. Pembroke formation, 
Leighton Cove, etc., town of Pembroke, Washington County, Maine. 

A broad, finely lineate form of Chonetes was reported by N. S. Shaler from Leighton's 
Cove as allied to C. comuta but much larger and with finer ridges. In the collections made 
some of the specimens closely resemble Chonetes novascoticus. The more characteristic form 
is, however, more finely lineate and broader than the typical representative of C. novascoticus 
from the Arisaig rocks. To this finely lineate form the specific name hastini was applied. 

The species is similar in form to Chonetes striatella Dalman but differs in its finer and more 
nimierous surface lines and in the number of its spines. Full-grown specimens are frequently 20 
millimeters wide and generally not quite 10 miUimeters long. The pedicle valve is gently convex ; 
beak low; spines on the cardinal margin from 12 to 16 and the radiating lines over 100 and 
occasionally as many as 200 at the margin. A short median septum is generally present under 
the beak of the pedicle valve. The brachial valve is slightly concave. There is no enlai^ed 
median rib on the pedicle valve, but occasionally a narrow median furrow crosses the shell at 
this point. 

The shell differs from Chonetes novascoticus Hall in its greater transverse extension; ordi- 
narily it is twice as wide as long. 

1 The American shell identlfled by Norwood and Pmtten (Jour. Acad. Nat. ScL Philadelphia, vol. 3, p. 28, 1854) aa ChoneUt tareimUatut Schlot- 
heim Is probably one of the forma of Chonetes eonnatiu occurring at the Devils Bake Oven, Dl., in beds of Hamilton age. 

* Von Buch, L., Ueber die Siliciflcation organischer KOrper, nebst elnlgen anderen Bemerkungen Uber wenig bekannte Venteinerangen: K. 
Akad. Wias. BerUn Abh. (for 1828), pp. 53, 70, pi. 3, figs. 1, 3, 5-0, 14, 15, 1831. 

* Qagel, C, Die Brachiopoden der cambriKhen und sUurischen Gkschiebe im Diluvium der Provinsen Ost- und West-Preussen: Beitr. Naturh. 
Preus8.|Na6, 1800. 

* Sowerby, J. de C, in Morchison, R. I., Silurian system, pp. 608, 610, pi. 3, figs. 10b, 12c; pi. 5, fig. 13, 1839. 

* De Kooinck, L. O., Monographie dee genres Produetus et Chonetes, p. 200, pi. 20, fig. 5, Li6ge, 1847. 

* Davidson, Thomas, Monograph of the British fossil Brachiopoda, pt. 7, The Silurian Brachiopoda, p. 331, pi. 40, figs. 23, 24 (not 25 or 26), 187a 
' Clarke, J. M., Mus. Naodooal, vol. 10, p. 24, pi. 50, fig. 25, Rio de Janeiro, 1890 (author's English ed., p. 12, 1900). 
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Locality: Pembroke formation, Leighton Cove, Long Cove, and in many other localities 
in the town of Pembroke, Maine. 

U. S. National Museum, catalogue Nos. 58960, 58961, and 59926. 

Chonetes novascoticus Hall var. canadensis Billings, 

Plate IX, figxires 20, 21; Plate X, figures 30, 31; Plate XI, figure IC. 

1874. Chonetes canadensis. Billings, Paleozoic foesils, vol. 2, pt. 1, p. 17, figs. 17. 

Lower Devonian: Perce, Bay de Chaleurs, Quebec. 
1883. Chonetes canadensis. Ells, Canada Geol. Survey Rept. Progress for 1880-1882, p. 9DD. 

Gaspe upper limestones (Oriskany): Perce Rock, G^spe, Quebec. 
1885. Chonetes canadensis. Ells, idem, 1882-1884, p. 24E. 

Gaspe Onskany [whether limestone or sandstone is not stated]: Iliils in the rear of Gaspe Village, Quebec. 
1907. Chonetes impensus. Clarke, New York State Mus. Bull. 107, p. 263, fig. 

Lower Devonic [Moose River sandstone]: Moosehead, 7 miles north of Kineo, Somerset County, Maine. 

Chonetes canadensis Billings' was described as a large, nearly flat Chonetes; transversely 
extended, semicircular or semielliptical in outline, and covered with radiating striae, of which 
there are 10 to 15 in the width of two lines (12 to 18 in 5 millimeters). A large Chonetes pre- 
senting these characters is common at Detroit, Maine. It is represented in its different expres- 
sions by the five specimens figured, which have the following measurements: 

Dimensions of specimens of Chonetes canadensis. 



Specimen 
No. 


Plate. 


Figure. 


766 


IX 


21 


635 


X 


30 


767 


IX 


20 


641 


X 


31 


763 


XI 


16 



Length 
(millimeters). 



24.5 

18.75 

18 

21 

24.5 



Width 
(millimeters). 



44.5 

39.5 

28 

37.5 

44 



Radial lines 

in 5 
millimeters. 



14-15-184- 

« 12-15-16-h 

14-16- 

15-24- 

14-15-17- 



o No. 635 has about 170 lines at the maighi. Note the medJan rib on this specimen (a brachial valve) and the radial lines curving faiward. 
Both these features seem to be due to an injury to the shell. The same features appear in Chtmetu impensus Clarke. 

These specimens represent a very variable species, if, indeed, they are cospecific. Specimen 
No. 635 (PI. XX, fig. 30) is a slightly convex brachial valve; specimen No. 641 (PL X, fig. 31) 
is a slightly concave brachial valve; the other three specimens are pedicle valves of slight but 
varying convexity. No two of the five specimens have quite the same expression. They 
answer fairly well, however, to Billings's description of C. canadensis and are included under 
that species as a variety of C. novascoticus. The Maine forms are larger than any of Billings's 
specimens, the largest of which were 12 by 20, 12 by 22, and 14 by 24 millimeters. Specimens 
Nos. 765, 767, and 763 seem to be only large individuals of Chonetes novascolicuSj and the general 
resemblance of the Canadian form to Hall's species leads to the conclusion that it is a variety. 
That C. canadensis is only a large varietal modification of C. novascoticiis has already been 
suggested.* 

Locahty: Moose River sandstone, Detroit, Maine. This type of shell does not occur in the 
Chapman sandstone. 

U. S. National Museum, catalogue No. 59708. 

Chonetes vicinus var. deflectus Hall. 

Plat« III, figure 8. 

1843. Leptsena vicina. Castelnau, Esaai sur le Byst^me Bllurien de TAm^rique septentrionale, p. 39, pi. 14, Gg. 9. 

Formation (?): Ontario County, N. Y. 
1843. Strophomena mucronata. Hall, Geology of New York, Kept. Fourth Dist., pp. 180-181, fig. 3. 

MarcelluB shale: Avon, Indian reservation, Erie County, N. Y. 

1 Williams, H. 8., and Gregory, II. E., Contributions to the geology of Maine: U. S. Oeol. Survey BuIL 165, pp. 84, 85, 1900. 
50245°— No. 89—16 i 
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1854. Chonetea armata, Norwood aod Pratton, Acad. Nat. Sci. Philadelphia Jour., vol. 3, p. 28. 

Hamilton limestone: Bake Oven, 111. 
1857. Chonetes laticasta. Hall, New York State Cab. Nat. Hist. Tenth Ann. Rept., p. 119. 

Comiferous limestone: A few miles southeast of Buffalo, N. Y. 

Hamilton shales: Canandaigua, N. Y. 

Hamilton limestone: Devils Bake Oven, Jackson County, 111. (associated with Chonetea coronatua and C 
ptiailla).^ 
1857. Chonetea gihboaa. Hall, idem, p. 145. 

Hamilton group: York, Livingston County, N. Y. 
1857. Chonetea deflecta. Hall, idem, p. 149. 

Hamilton group shales: Canandaigua Lake, N. Y. 
1857. Chonetea puailla. Hall, idem, p. 149. 

Hamilton limestone: Devils Bake Oven, 111. 
1867. Chonetea mucronata (pars). Hall, Paleontology of New York, vol. 4, p. 124, pi. 20, fig. 2, pi. 21, fig. 1. 

Marcellus shale: Avon, Livingston County; Crooked Creek, near Darien, Genesee County; and Alden, Erie 
County, N. Y. 
1867. Chonetea laticoata. Hall, idem, p. 125, pi. 20, figs. la-Id. 

Comiferous limestone: Manchester, Ontario County; in Erie County on the Indian reservation southeast of 
Buffalo; and at Williamsville and Clarence Hollow, N. Y. 

Hamilton: Pratts Falls and other localities in Onondaga and Madison counties, N. Y. 
1867. Chonetea deflecta. Hall, idem, p. 126, pi. 2, figs. 7, 8. 

Hamilton group shales: Canandaigua Lake, Ludlowville and Kidders Ferry on Cayuga Lake, Moscow, York, 
Covington, and other places in western New York. 

1867. Chonetea puailla. Hall, idem, p. 128, pi. 21, fig. 6. 
Hamilton limestones: Bake Oven, 111. 

1868. Chonetea ptiaiUua. Meek, Chicago Acad. Sci. Trans., vol. 1, p. 93, pi. 13, fig. 2. 
Middle Devonian: Fort Resolution, Great Slave Lake, British America. 

1874. Chonetea mturonata. Nicholson, Paleontology of the Province of Ontario, p. 74. 

Comiferous limestone: Ramas Farm, near Port Colbome, Ontario. 
1874. Chonetea laticoata. Billings, Paleozoic fossils, vol. 2, pt. L, p. 20. 

Gaspe limestone No. 8: Little Gaspe, Grande Greve, and Indian Cove, Gaspe, Quebec. 
1878. Chonetea mvcronatua. Ashbumer, Pennsylvania Second Geol. Survey Rept. F, p. 223. 

Upper Hamilton sandstone: Aughwick Valley and end of Jacks Mountain, Huntingdon County, Pa. 
1883. Chonetea muaronatua. I. C. White, Pennsylvania Second Geol. Survey Rept. G7, pp. 76, 230. 

Marcellus shale: Little Fishing Creek, Hemlock Township, Columbia County, Pa. 
1883. Chonetea mucronata. Hall, New York State Geologist Second Ann. Rept., pt. 47, figs. 6, 7. 

Marcellus shale: West Avon, Livingston County, N. Y. 
1883. Chonetea deflecta. Hall, idem, pi. 47, fig. 28. 

Hamilton group: Western New York. 

1883. Chonetea laticoata. Ells, Canada Geol. Survey Rept. Progress for 1880-1882, p. 13DD. 

Upper Gaspe limestones (Oriskany): Indian Cove, Grande Greve, and Little Gaspe; Gaspe Bay, Quebec. 

1884. Chonetea deflecta. Walcott, U. S. Geol. Survey Mon. 8, p. 124, pi. 2, fig. 8. 

Lower part of Nevada limestone (Lower Devonian): Combs Peak, west slope of County Peak, and lower beds 

at Lone Mountain, 18 miles northwest of Eureka, Nev. 
Upper Devonian: Rescue Hill, Eureka district, Nev. 
1884. Chonetea mturonata (?). Walcott, idem, p. 124. 

Upper part of Nevada limestone (Upper Devoniar): Foothills east of Sentinel Mountain and the Sugar Loaf, 

Eureka district, Nev. 

1884. Chonetea macroatriata (pars). Walcott, idem, p. 126, pi. 13, fig. 14b (not figs. 14, 14a, 14c; not pi. 2, fig. 13). 
Lower Devonian limestone: Combs Peak; south spur of Atrypa Peak; on the divide of Rescue and Berry 

canyons; and midway of Grays Canyon, Eureka district, Nov.; also at north end of Ravens Nest, Pinon 
Range, Nev. 

1885. Chonetea mucronata. Claypole, Pennsylvania Second Geol. Survey Rept. F2, p. xiii. 
Hamilton (upper shales): Perry County, Pa. 

1889. Chonetea mucronatua. Claypole, Pennsylvania Second Geol. Survey Rept. 03, p. 157. 

Upper Hamilton shale: Brickfield, 1 mile southwest of New Bloomfield, Perry County, Pa. 
1889. Chonetea mucronata. Simpson, idem, pp. 212-213, 216. 

Hamilton formation: Marshalls Creek, Monroe County, Pa. 
1889. Chonetea allied to mucronata. Schuchert, New York State Geologist Eighth Ann. Rept., p. 52. 

Oriskany: Cayuga, Canada West. 
1892. Chonetea mucronata. Hall and Clarke, Paleontology of New York, vol. 8, pt. 1, pi. 16, fi^. 6, 7. 

Marcellus shale: West Avon, Livingston County, N. Y. 



1 In the detailed section of the Devils Bake Oven given by Weller, in 1897, no two of these three species are recorded as associated together. 
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1892. Chonetes defiecta. Hall and Clarke, idem, pi. 16, fig. 28. 

Hamilton group: Weetem New York. 
1894. Chonetes mucromtus, Proaeer, U. S. Geol. Survey Bull. 120, pp. 4, 19, 20, 21, 28, 35, 37. 

Majrcellua shale: Near Scott Street Bridge, Stroudsburg, Pa. 

Hamilton group: Lehigh Valley Railroad cut north of Bowmana, Carbon Coimty, Pa.; roadside, half a mile 
north of Marshalls Fallfl post office, and in Marahalls Creek at the falls, Monroe County, Pa. ; Sawkill Creek, 
above the falls. Pike County, Pa.; and Rose Point, Orange Coimty, N. Y. 
1894. Chonetes defiecta. VroBBGt^ idem, pp. 5, 8, 21. 

Hamilton group: Gravel Place, Brodhead Creek, and Marshalls Falls, Monroe County, Pa. 
1897. Chonetes mturonaius. Schuchert, U. S. Geol. Survey Bull. 87, p. 176. 

Oriakany and Hamilton: New York; Cayuga, Ontario; Gaspe, Quebec; Eureka district, Nev. 
1897. Chonetes pusUltis. Schuchert, idem, p. 177. 

Hamilton: Bake Oven, 111.; Fort Resolution, Great Slave Lake, British America. 
1897. Chonetes viciniis. Schuchert, idem, p. 180. 

Hamilton: Ontario County, N. Y.; Columbus, Ohio. 

Wisconsin: Eureka district, Nev. 
1897. Stropheodonta maarostriata (pars). Schuchert, idem, p. 424. 

Lower Devonian: Eureka district, Nev. 
1897. Chonetes latioosta. Weller, Jour. Geology, vol. 5, No. 6, pp. 626, 627. 

Lower part of Upper Helderberg group,* Devils Bake Oven, near Grand Tower, Jackson Coimty, 111. (zones 
1, 2, 4). 
1897. Chonetes mturonatus. Weller, idem, pp. 628-630. 

Comiferous limestone: Devils Bake Oven, near Grand Tower, Jackson County, 111. (zones 6, 7, 11, 13). 
1897. Chonetes defiecta. Weller, idem, pp. 630, 631. 

Comiferous-Hamilton transition: Devils Bake Oven, near Grand Tower, Jackson County, 111. (zones 15, 16, 23). 
1897. Chonetes jmsillus. Weller," idem, pp. 631, 634. 

Comiferous-Hamilton transition: Devils Bake Oven, near Grand Tower, Jackson County, 111. (zone 23). 

1897. Chonetes pusUlus. Schuchert, U. S. Geol. Survey Bull. 87, p. 178. 
Hamilton: Bake Oven, III.; Fort Resolution, Great Slave Lake, British America. 

1898. Chonetes mucronatus (?). Bownocker, Denison Univ. Sci. Lab. Bull., vol. 11, pi. 6. 

Comiferous limestone: Deer Creek, Columbus, Marble Cliff, Marion, Sandusky, Kellys Island, White House, 
and Bellefontaine, Ohio. 

1899. Chonetes mueronaJtus. 'FrxsBB&r, New York State Geologist Seventeenth Ann. Rept. (for 1897), p. 353. 
Marcellus black shale: Near Clarkesville, Albany Coimty, N. Y. 

1899. Chonetes defiecta. Proaser, idem, p. 353. 

Hamilton sandy shales: Near Clarkesville, Albany County, N. Y. 

1899. Chonetes mucronatus. Schuchert, Am. Jour. Sci., 4th ser., vol. 7, p. 431. 
Oriskany chert: Camden, Benton County, Tenn. 

1900. Chonetes mucronatus. Schuchert, Geol. Soc. America Bull., vol. 11, pp. 293, 321, 325. 
Oriskany: Camden, Tenn.; Cajruga, Canada. 

1901. Chonetes mucronatus. Clarke, New York State Mus. Bull. 49, pp. 115, 129, 132, 134. 
Stafford limestone lenticle: Western New York. 

Marcellus thale below the Stafford limestone: Livonia salt shaft and Lancaster, N. Y. 
1901. Chonetes defiectus and cf. defiectus. Clarke, idem, p. 136. 

Calcareous lenses in Marcellus shale: Livonia salt shaft, Livonia, N. Y. 

1901. Chonetes mucronatus. Wood, New York State Mus. Bull. 49, pp. 142-144, 146-152, 158. 

Stafford limestone and Marcellus shale below Stafford limestone: Lancaster, Erie County, N. Y. (in all the zones). 

1902. Chonetes vidnus. Monroe, Wisconsin Nat. Hist. Soc. Bull., vol. 2, No. 1, p. 65. 
Hamilton group: East Bethany, Genesee County, N. Y. 

1904. Chonetes robustus. Raymond, Am. Jour. Sci., 4th ser., vol. 17, p. 289, pi. 17, figs. 1, 2. 

Hamilton (Moscow) shales: Monteth Point, Canandaigua Lake, N. Y. 
1904. Chonetes mucronatta. Raymond, idem, p. 289, pi. 15, rows 4 and 5. 

Moscow (Hamilton) shales: Monteth Point, Canandaigua Lake, N. Y. 
1907. Chonetes bUlingsi. Clarke, New York State Mus. Bull. 107, p. 266, figs, on p. 267. 

Lower Devonic: Grande Greve, Quebec. 

Middle Devonic: Gaspe Basin, Quebec. 

Shell small; convexo-concave; outline transversely quadrate or semicircular. Pedicle 
valve strongly convex, a valve 7.2 millimeters long and 12 millimeters wide being 1.6 millimeters 
thick. Greatest convexity in the middle; profile arcuate from beak to front; ears flattened. 
Commonly the proportion of width and length is about as 4 to 3. The hinge line is equal to 

1 Probably equivalent to the "zone of Spiriftr hercynix" or Grande Greve and York River beds of Gaspe and Mooee River sandstone of Maine. 
*WeUer reiterates here that "CAon<(Md«/Iecla and CAonefMptMiUa * * * are apparently variations of a single species." 
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the greatest width, the sides are subparallel, straight, and curve into the front margin, which 
is widely and shallowly arcuate. A median septum on the interior extends from the beak 
about one-quarter the length; the brachial valve is strongly concave. 

The surface is marked by very coarse flexuous ribs, of which there are conmionly about 15 
near the beak; they increase at first chiefly by implantation, and in front by both implantation 
and bifurcation. These ribs number about 28 or 30 at the front margin of a shell 7 millimeters 
long. In the umbonal region the ribs are wider than the interspaces and there are 9 to 11 ribs 
in 5 millimeters; in front the interspaces are as wide as or slightly wider than the ribs. No 
spines were observed on the specimens, but the general expression of the shells places them 
evidently in the genus Chonetes. 

Liocality: Moose River sandstone. Little Brassua Lake, Somerset County, Maine Gocal- 
ity 1061 BO- It is associated with Leptosirophia blainviUii Billings (=i. perplana Conrad), a 
crushed Spirifer not unlike Spirifer murchisani Castehiau, and a bivalve. In the Chapman 
faima no Chonetes of this coarsely marked type is known to occur. 

U. S. National Museum, catalogue No. 59709. 

Remarks, — ^The Chonetes vicinus type represents in America, as does the Chonetes plebeia 
Schnur in Europe, an expression of Chonetes which diflfers from the ordinary smaller forms of 
Chonetes in its greater gibbosity and more particularly in the coarseness and sparsity of its radial 
lines, which amount, in fact, to ribs or riblets rather than lines. Species of Chonetes of this 
expression have been given various names, but appear to constitute a species-group or gens to 
which the name Chonetes vidmbs of Castelnau is appUcable. Chonetes vicinus usually manifests 
itself in the following modifications, the characters of which are fluctuating and not fixed: 

1. Variety a, or mucronatua type; ribs simple, ngidt ^ to 24, occasionally up to 30. 

2. Variety 6, or laticosta type; ribs flexuous, increasing rather freely in number by implantation and by bifurcation, 
12 to 25. 

3.- Variety c, or deflecta type; ribs as in the laticosta type, but 26 to 30 and rarely up to 34 in number. 
4. Variety c/, or gihbosa type; ribs as in the laticosta and deflecta types, but the shells are large and gibbous and with a 
minimum of 30 to 40 ribs. 

Chonetes vicinus and its European equivalent, Chonetes plebeiu, are valuable horizon 
markers. Chonetes plebeia appears to be tmknown in the Taunusian or zone of Spirifer 
primsevus, but it becomes conspicuous in the overlying Lower Coblenzian or zone of Spirifer 
hercynise, and continues into the Upper Coblenzian and Meso-Devonian. In North America the 
Chonetes vicinus type is conspicuous in the zone of Spirifer hercynix (C. gaspensisy etc.), repre- 
sented by the Moose River, Grande Greve, and York River beds, and continues into the Onondaga 
and Meso-Devonian, the gibbosa type continuing on from the Upper Hamilton into the Ithaca 
shale member of the Portage formation of the Neo-Devonian. In the Oriskany, as in the Taunu- 
sian of Europe, the Chonetes vicinus type is not definitely known, and in the Helderberg there is 
no indication of its occurrence. 

Subgenus EODEVONABIA Breger. 

For the Chonetes having denticulate hinge maigin Mr. Breger* proposed the name Eode- 
vonaria, taking for the type some specimens of Chonetes arcuatns Hall from the Moose River 
sandstone. To this subgenus six previously known species conform, namely, (1) Chonetes 
arcuatus Hall, from the *'Comiferous'' of Ohio, Indiana, New Jersey, and New York; specimens 
from the Moose River sandstone at Little Brassua Lake, Somerset County, Maine, are also 
referred to this species; (2) Chonetes dilatus F. Roemer, Lower and Middle (?) Devonian; (3) 
Chonetes melonicus Bilhngs, Grande Greve limestone of Little Gaspe, Quebec; (4) Chonetes 
acutiradiata Hall, ''Comiferous'' limestone of WiJiiamsville, Erie County, N. Y.; (5) Chonetes 
extensus Kayser, Lower Coblenzian of the Rhenish Devonian ; and (6) Chonetes arcei A. Ulrich, 
Lower Devonian of Bohvia, Argentina, and South Africa. It is evident, therefore, that the sub- 
genus is characteristic of the Lower Devonian over a wide geographic range. Stratigraphically it 
is nowhere known to pass below the Oriskany nor to range upward into distinctly Meso- 
Devonian faunas. Chonetes of the type of Eodevonaria do not occur in the Chapman sandstone, 

' Breger, C. L., On Eodevonaria, a new subgeniu of ('honetes: Am. Jour. Hci., 4th ser., vol. 22, p. 534, 1906. 
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but the species Eodevonaria arcuatua occurs in the Moose River sandstone of central Maine. 
Chonetes mdonicus Billings is reported by Clarke from the upper beds of the Grande Greve lime- 
stone. Clarke found no crenulations in the specimens of Chonetes hudsonicus from Becraft 
Mountain, but observed them as a distinct feature of the shells from the Gaspe (York River) 
sandstones of Gaspe, which he called C. hvdsonicus metatype gaspefisis, C, hudsonicus metatype 
gaspensis has also been recognized in the Spirifer arenosus f aima at St. Helens and Cote St. Paul, 

near Montreal.^ 

Chonetes (Eodevonabia) arcuatus Hall. 



1857. 
1867. 
1883. 
1892. 
1897. 
1900. 

1903. 

1906. 



Plate III, figures 6, 9, 11. 

Chonetes aretiata. Hall, New York State Cab. Nat. Hist. Tenth Ann. Kept., p. 116. 

Comiferous limestone: New York. 

Chonetes aretiata. Hall, Paleontology of New York, vol. 4, p. 119, pi. 20, fig. 7. 

Comiferous limestone: Near Williamsville and Clarence Hollow, Erie County, N. Y. 

Chonetes prcuaia. Hall, New York State Geologist Second Ann. Rept., pL 47, figs. 15, 35, 36. 

Comiferous limestone: Near Williamsville, Erie County, N. Y. 

Chonetes arcuata. Hall, Paleontology of New York, vol. 8, pt. 1, pi. 16, figs. 15, 35, 36. 

Comiferous limestone: Near Williamsville, Erie County, N. Y. 

Chonetes arcuuitus, Schuchert, U. S. Geol. Survey Bull. 87, p. 172. 

Comiferous Limestone: Williamsville, Clarence Hollow, etc.. New York, Columbus, Ohio. 

Chonetes arcuatus. Kindle, Indiana Dept. Geology and Nat. Res. Twenty-fifth Ann. Rept., p. 601, pi. 4, figs. 

6, 6a. 
Jeff^rsonville ("Comiferous") limestone: Paris Crossing, Ind. 

Chonetes arcuatus. Weller, Paleontology of New Jersey, vol. 3, pp. 103, 105, 367, 373, pi. 51, figs. 18, 21. 
Comiferous limestone: Road along Delaware River, 1) miles southwest of Peters Valley, N. J. 
Newfoundland grit: West of Greenwood Lake, N.J. 

Chonetes (Eodevoruaria) arcuatus. Breger, Am. Jour. Sci., 4th ser., vol. 22, p. 534. 
Upper Helderberg group: Ohio, Indiana, New Jersey, and New York. 
Moose River sandstone: Little Brassua Lake, Somerset County, Maine. 

Shell small to medium-dized, convexo-concave, very gibbons. Ratio of length and breadth 
varying from 9.10 to 7.10; greatest width along the hinge line; the sides of the shell are straight 
for some distance below the hinge and curve into the front mai^in, which is semicircular; the 
pedicle valve is very gibbous, the depth being equal to about a third of the length. The shell 
is inflated in the middle, which includes the greatest convexity; the umbo is gibbous and the 
beak protrudes over the hinge line. The ears are somewhat flattened and small. They are 
demarcated on the interior by a ridge (a crural ribbon ?) which curves about and includes the 
inflated portion of the shell. A faint narrow median sinus occurs occasionally in the pedicle 
valve. On the interior of the valve a thin median septum extends one-third to one-half the 
length from the beak. Brachial valve not seen. 

The surface is marked by straight, slightly flexuous radial lines which increase frequently 
by bifurcation. On specimens 10.5 millimeters long there are from 72 to 84 lines at the margin 
and from 19 to 24 in the space of 5 millimeters on the front part of the shell. The lines also 
cover the ears. In some internal molds the radial lines are sharply expressed, nearly as well 
developed as on the surface; in other specimens the ornamentation is preserved only in spots, 
and the internal mold is for the greater part radially pustulose. On all internal molds the 
ornamentation on the umbo near the beak is obsolescent. The hinge is denticulate in all 
three of the internal molds of the pedicle valve in which the hinge is visible. 

DxTnensions of specimens of Chonetes (Eodevonaria) arcuatus. 



No. 


Length 
(millimeters). 


Width 
(millimeters). 


Depth 
(millimeters). 


Radial lines. 

• 


5052.1 
5052.2 
5052.4 


10.5 
10.5 
10.5 


11.5 

15 

12 


3 
3 
4 


^4 in 5 millimeters; 84 around the mai^gin. 
19 in 5 millimeters; 72 around the mai^. 



1 Williams, H. 8., On the fossil faxuua of St. Helen's breccia: Roy. Boo. Canada Trans., 3d 8er.;vol. 3, pp. 217-239, 1909-10. C. hudaonictu meta. 
type goBpentiB has also been recognised in the Spirifer arenonu fauna at St. Helens and Cote 8t. Paul, near Mootresl. 
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The species is easily recognized by its inflated gibbosity, medium fine radial sculpture, 
denticulations on the hmge, and slight difference between length and width. The Maine speci- 
mens correspond with forms of C. arcuattis figured by Weller* from the **Comiferous" lime- 
stone of New Jersey. 

Locality: Little Brassua Lake, Somerset County, Maine. No representative of this species 
or of Eodevonaria has been discovered in the Chapman fauna proper. 

U. S. National Musexmi, catalogue No. 69710. 

Comparisons. — ^In its superficial characters Clionetes {Eodevonaria) arcuaius resembles fossils 
identified by authors and apparently also by Hall with the Ohonetes JiemispJiericus of Hall 
(f Sirophemena gibbosa Conrad, 1841); but the present species has a denticulated hinge, a 
character which is usually regarded as of generic value among the strophomenoids and lepUe- 
noids. This denticulated hinge occurs in C. meUmicus Billings and also in C. acuHradiatiLS Hall, 
which is closely alUed to C. Jbemisphericus Hall, but in the last-named species this character, so 
far as known, does not occur. The types of Chonetes hemisphericus are much moi^ coarsely 
lined and are larger shells than the Maine fossils under discussion. Hall says that Chonetes 
arcuaius '^is distinguished from C, hemisphericus by being a little less prominent on the umbo, 
and by the shallow sinus, as weU as the more numerous and much finer striaB. The cast does 
not preserve the marks of the striae so conspicuously, while the stuf ace is more abimdantly 
pitted without being sensibly arranged in distinct lines.*'* 

The Jewett collection in Cornell University, which was largely used in the preparation of 
Hall's works on New York paleontology, contains specimens of C hemisphericus and C arcuatus 
that controvert these statements. A large Chonetes arcuatus in that collection is more gibbous 
on the umbo than C. hemisphericus y and the same may be said of a specimen figured by Weller • 
compared with average specimens of C. hemisphericus. Many specimens of C hemisphericus 
also have a shallow sinus, which is commonly wanting in C. arcuatus from New York, New 
Jersey, and Maine. C hemisphericus in one of its forms has very fine radial lines. C arcuatus 
is also occasionally regularly striate on the interior, but C hemisphericus is occasionally obscurely 
papillose on the interior. The Jewett collection contains a small, finely striate form of C. 
hemisphericus, with less gibbous mnbones than usual, from the Onondaga (^^Comiferous") 
limestone of Erie County, N. Y. On one of these specimens, which is hardly distinguishable 
from the Maine form, there are indications of what may prove to be denticulations on the hinge. 
If a denticulated hinge line could be proved in C. hemisphericus, there need be no hesitancy in 
uniting C arcuatus with it. There is some doubt, however, as to whether these finely striate 
specimens ought to be identified with C. hemisphericus, for the types of that fossil preserved in 
the American Museum of Natural History in New York are a coarsely striate large species. 

The large forms of Chonetes wacrostriatus Walcott very much resemble C. arcuatus in size, 
contour, and outline, and in the method of preservation of the ornamentation; but Walcott's 
species has fewer and coarser ribs. According to Schuchert,* who places Walcott's species in 
Stropheodonta, a denticulated hinge is present; but whether this denticulated hinge occurs in 
the real Chonetes figured by Walcott • on his Plate XHI or on the different shell shown on his 
Plate II is unknown at present. If Chonetes macrostriatus Walcott really has a denticulated 
hinge, its association will be with C. arcuatus rather than with C vicinus var. In the European 
fauna an equivalent of C arcuatus is found in the species Chonetes dilataia F. Roemer, a shell 
of wide distribution in the Ix)wer Devonian of Germany, Belgiimi, and England. This European 
form has a denticulated hinge and can be distinguished from the American species only 
with difficulty. The large individuals of C. dilataM have, according to De Koninck, as many 
as 160 to 170 8tri» at the margin. The large American forms have perhaps half that mmaber 
and the ribs are coarser. The more finely striate American types are smaller shells and more 
finely striate on the umbones. 

^ Weller, Stuart, Paleontology of New Jersey, vol. 3, 1903, pp. 103, 105, 367, 373, pi. 51, figs. 18, 21. 

t Paleontology of New York, vol. 4, p. 120, 1867. 

> Paleantology of New Jersey, vol. 3, pi. 51, fig. 21, 1903. 

* Scboehert, Cbarles, A synopsis of American fossil Brachiopoda: U. S. Oeol. Survey Bull. 87, p. 424, 1897. 

• Walcott, C. D., Paleontology of the Eureka district [Nevada]: U. 8. Oeol. Survey Hod. 8, p. 126, 1884. 
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Genus GHONOSTBOFHIA Hall and Clarke. 

The genus Chonostrophia was proposed by Hall and Clarke^ for brachiopods having the 
general characters of Chonetes but with reversed convexity of the valves at maturity, displaying 
what is known as "resupinate curvature." Chonetes reversa Whitfield, an American Onondaga 
("Comiferous") species, was taken as the type. 

A single species, C. Jielderherffix Hall, is reported from the Helderberg group in New York. 
With this exception the geniLs Chonostrophia is confined to the Oriskany and Onondaga C'Cor- 
niferous") faunas of North and South America, where it is common and widespread. In 
Europe, Africa, and Australasia, Chonostrophia is not known to occur. The genus is also 
unknown in the Chapman sandstone fauna, though it is present in the Moose River sandstone. 

Chonostrophia complanata (Hall). 

Plate X, figure 4. 

cf.? 1846. Orthis tenuis. Monia and Sharpe, Geol. Spc. London Quart. Jour., vol. 2, p. 275, pi. 10, fig. 4; pi. 11, fig. 4. 

Lower Devonian; Falkland Islands. 
1857. Chonetes complanata. Hall, New York State Cab. Nat. Hist. Tenth Ann. Rept., p. 56. 

Oriskany sandstone: Albany and Schoharie counties, N. Y. 
1859. Chonetes complanata. Hall, Paleontology of New York, vol. 3, p. 418, pi. 93, fig. 1. 

Oriskany sandstone: Albany and Schc^arie counties, N. Y. 
1874. Chonetes dawsoni. Billings, Paleozoic fossils, vol. 2, pt. 1, p. 18, fig. 8. 

Gaspe limestotie [Grand Greve]: Split Bock, (Perce), Quebec. 

Gaspe sandstone [York River]: Gaspe, Quebec. 

1876. Chotnetes complanata. Barrett, Lyceum Nat. Hist. New York City Annals, vol. 11, p. 296. 
"Trilobite beds" [basal Orisktuiy or Helderberg transition]: Bennett's quarry. Port Jervis, N. Y. 

1877. Chonetes complanata. Barrett, Am. Jour. Sci., 3d ser., vol. 13, p. 386. 
Trilobite beds; Bennett's quarry, near Port Jervis, N. Y. 

1883. Chorutes complanata. Hall, New York State Geologist Second Ann. Rept., pi. 47, figs. 13, 29. 

Oriskany sandstone: Albany County, N. Y. 
1883. Chonetes dawsoni. Ells, Canada Geol. Survey Rept. of Progress for 1880-1882, p. 9DD. 

Upper Gaspe Limestone (Oriskany): Perce Rock, Quebec. 
1889. Chonetes complanata. Schuchert, New York State Greologist Eighth Ann. Rept., p. 52. 

Oriskany: Cumberland, Md.; New York; Cayuga, Canada West. 
1889. Chonetes complanata. Lesley, Pennsylvania Second Geol. Survey Rept., pt. 4, p. 125. 

Stormsville shale, upper part of Lower Helderberg group [''Trilobite beds"]: Delaware River, Pennsylvania 
(near Port Jervis, N. Y.). 
1892. Chonostrophia complanata. Hall and Clarke, Paleontology of New York, vol. 8, pt. 1, p. 311, pi. 16, figs. 13, 29. 

Oriskany sandstone: Albany County, N. Y. 
1892. Chonostrophia sp. nov. Clarke, Am. Jour. Sci., 3d ser., vol. 44, p. 413. 

Lower Oriskany: Becraft Mountain, Columbia County, N. Y. 
1892. Chonostrophia dawsoni. Hall and Clarke, Paleontology of New York, vol. 8, pt. 1, p. 311. 

Oriskany: Gaspe, Canada. 
1897. Chonostrophia complanata. Schuchert, XJ. S. Geol. Survey Bull. 87, p. 180. 

* Oriskany: Albany and Schoharie counties, N. Y.; Cayuga, Ontario; Cumberland, Md.; 7Bolivia. 

1897. Chonostrophia dawsoni. Schuchert, idem, p. 180. 

Lower Devonian: Gaspe and Perce, Quebec. 
1897. Chonostrophia sp. Kayser, Deutsch. geol. Gesell. Zeitschr., vol. 49, p. 301, pi. 10, fig. 1. 

Lower-Middle Devonian: Cerro del Fuerte, Aigentine. 
1900. Chonostrophia complanata. Schuchert, Geol. Soc. America BuU., vol. 11, pp. 313, 324. 

Monterey (Oriskany) sandstone: Cumberland, Md. 

Oriskany: Oneida and North Cayuga townships, Ontario. 

1900. Chonostrophia complanata. Clarke, New York State Mus. Mem., vol. 3, No. 3, p. 50, pi. 7, figs. 7-13. 
Oriskany: Becraft Mountain, Columbia County; half a mile southeast of Rondout Creek near Kingston, N. Y. 

1901. Chonostrophia jervensis. Schuchert, Am. Geologist, vol. 28, p. 250, figs, c, d. 
Becraft limestone [** Trilobite beds"]: Port Jervis, N. Y. 

1903. Chonostrophia jervensis. Weller, Paleontology of New Jersey, vol. 3, pp. 94, 95, 326, pi. 42, figs. 1, 2. 
"Trilobite beds" (lowest Oriskany) : Near Nearpass Quarry and at Peters Valley, N.J. 

1 Hall, James, and Clarke, J. 11., Paleontology of New York, vol. 8, pt. 1, p. 310, l«a. 
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1903. Chonostrophia complanata. Weller, idem, pp. 100, 101, 348, pi. 46, fig. 12. 

Spirifer murchisoni zone for upper member of the Orifikany: 1} miles north of Layton, three-fourths of a mile 
west of Layton, and at Peters Valley, N.J. 
1903. Chonostrophia complanata. Van Ingen and Clarke, New York State Mus. Bull. 69, pp. 1203, 1206. 

Oriskany siliceous limestone: Glenerie and Rondout, N. Y. 
1905. Chonostrophia complanata. Clarke, New York State Mus. Bull. 80, pp. 143, 145. 

Grand Greve limestone: North side of Gaspe Bay and at Perce Rock, Gaspe, Quebec. 
1905. Chonostrophia dawsoni. Clarke, idem, p. 145. 

Gaspe sandstone [York River beds]: Gaspe Bay, Quebec. 
1905. Chonostrophia jennsensis. Shimer, idem, pp. 185, 188, 199, 226, 227, 228, 232, 234, 243, 263. 

Upper New Scotland limestone [''Trilobite beds"], lower and upper Oriskany: Tiilobite Mountain, Orange 
County, N. Y. 
1905. Chonostrophia complanata, Shimer, idem, pp. 189, 263. 

Upper Oriskany: * Trilobite Mountain, Orange County, N. Y. 
1905. Choneies (Chonostrophia) complanata, Harris, Guide to the geology of Union Springs, p. 4, pi. 12, fig. 4. 

Oriskany sandstone: Yawger*s Woods, Union Springs, N. Y. 

A couple of internal molds of pedicle valves from the Moose River sandstone of Somerset 
County, Maine, are referred to this characteristic species. The specimens show the pedicle 
valve slightly concave except over the muscular area and beak, where it is slightly convex. 
Over the center of this convex area there is an internal median septum extending about half 
the length of the sheU, and on each side there is an obscure ridge (an unpressed line in the 
mternal mold) extending forward from the teeth, which are very strong and sharp. The 
cardinal area is of low or medium height, inclined at an acute angle. The bases of three or 
four spines are preserved along the hinge on one side of the middle. There are traces of very 
fine radial lines on the surface, but the molds are for the most part smooth. Length 8.5 
millimeters; width 13 millimeters. 

Locality: Moose River sandstone, Detroit; Somerset Coimty, Maine (locality 1100 A). 

U. S. National Museum, catalogue No. 59711. 

Comparisons, — The species called Ohonetes dawsoni Billings is apparently the same form 
as 0. complanaia Hall, as Cllarke ^ pointed out; at least no reliable distinction has been observed. 
The ventral valve varies from convex on the imibonal and visceral regions, and faintly concave 
in front to flat on the visceral region and strongly concave in front. The radial lines are also 
variable but are always fine, though not so fine and imiform as in Chonostrophia hdderhergia 
Hall and Qarke. In Chonostrophia complanaia Hall, as recorded by Clarke from Becraf t 
Mountain, N. Y., in Chonostrophia dawsoni Billings, and in the Maine form the median septum 
extends only about half the length of the valve. In Hall's typical C. complanata, from the Oriskany 
sandstone (quartzite) of Schoharie and Albany counties, and in the same form from the coarse 
sands of the Oriskany in Yawger's Woods, at the head of Cayuga Lake, N. Y., the septum is 
frequently as much as two-thirds the length. These shells from the sandstones are larger than 
the others and their sides are more nearly parallel, but it is beheved that these are not constant 

distinctions. 

Chonostrophia jervensis Schuchert, from the Dalmanites dentatus zone,' near Port Jervis, • 
N. Y., is apparently only a small or yotmg form of Chonostrophia complanxiia Hall or C. dawsoni 
Billings. Mother Chonostrophia, C. m^antrealensis, described by Schuchert,* has between 
the coarser lines one, two, or three finer threadlike lines; the species is small and strongly 
resupinate. It is reported from the upper (Helderbergian) fauna at St. Helens Island, near 
Montreal. The only remaining species of Chonostrophia, C, reversa Whitfield (the type of the 
genus), is from the "Comiferous" limestone of Ohio and is a small reversed Chonetes having 
several fine radial lines grouped between each pair of coarse lines. The finer lines are closer and 
more niunerous than in C. montrealensis Schuchert, which otherwise bears a very close relation- 
ship to Whitfield's species. The form of Chonostrophia reversa found at Union Springs, N. Y., 

1 On p. 263 given alao from upper New Scotland and lower Oriskany, evidently in error for C. JervUemia. 
I Clarke. J. M.. New York State Mus. Mem., vol. 3, No. 3, p. 60, pi. 7, flgs. 7-13, 1900. 

■ Schuchert, Charles, Am. Geologist, vol. 28, p. 250, flgs. c, d, 1901. This horlson is at the top of the Port Ewen limestone or haae of the 
Oriskany, and is Included by some aathon in the Helderboig and by otheis in the OrWmny. 
<Idem, p. 250, flgs. a, b. 
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in the Onondaga (^^Comiferons'') limestone, is slightly different from the typical form of the 
species as it occurs in Ohio. In the Ohio specimen, as figured by Hall and Clarke, fine radial 
lines lie between the coarser ones, but in this respect the specimens from Union Springs approach 
Schuchert's C, marUrealeTisis. CTionetes manitohierma Whiteaves has been mentioned as having a 
convex brachial valve and a compressed pedicle valve and may possibly prove to be an additional 
species of Chonostrophia. Before leaving the Chonostrophias attention must be called to the 
Orthis tenuis of Morris and Sharpe, from the Falkland Islands, described in 1846. The original 
description* is as follows: "Nearly semicircular; both valves flat and covered with fine bifur- 
cating striae, increasing to about 200 at the margin and crossed by a few concentric lines. Hinge 
area of the width of the shell, linear. The cast is scarcely thicker than a sheet of paper and 
faintly marked by the striae. Width li inches, length seven-eighths of an inch. ^ Nearly allied 
to the Orthis expansa and 0. grandis of the Lower Silurian rocks.'* This shell is apparently 
chonetoid, though no spines have been observed on it. The typical forms indicate a shell of 
the appearance of ChonostropMa da/wsoni Billings or C, complanata Hall. Strophmaena expansa 
Sowerby, one of the two shells with which Orthis tenuis was compared, is perplanoid, and the 
similar form, Strophomena grandis Sowerby, is distinctly resupinate. It is therefore probable 
that the species is resupinate, in which case it might be referred to Chonostrophia. Schuchert ' 
regards Orthis tenuis as similar to Chonostrophia complanata Hall. It should be borne in mind, 
however, that no indication of spines in Orthis tenuis has yet been recorded. If spines are 
discovered in this species it will have to be referred to Chonostrophia and the name Chono- 
strophia tenuis will have priority over C. dawsoni and C, complanaia. 

FamHy OKTBIDJE Woodward. 
Genus "DAIXAJSTELLA. HaU aaid Clarke. 

DAL.MANELLA PLANOCONVEXA (Hall). 

Plate VI, figure 17; Plate VII, figtiree 10, 11, 13, 14, 16-18, 20-22, 24-30. 

1859. Orthis planoconvexa. Hall, Paleontology of New York, vol. 3, p. 168, pL 12, figs. 1-C. 

Lower Helderbeig ehaly limestone [New Scotland]: Albany County, N. Y.; Cumberland, Md. 

Oriflkany: Cumberland, Md. 
1874. Orthis luda. Billings, Paleozoic fossils, vol. 2, pt. 1, p. 35, pi. 3, fig. 4. 

Gaspe limestone No. 8 [Grande Greve limestone]: Indian Cove, Gaspe Bay, Quebec. 
1876. Orthis planoconvexa. Barrett, Lyceum Nat. Histu New York City Annals, vol. 11, p. 296. 

"Trilobite beds": Bennett's quarry. Port Jervis, N. Y. 

1882. Orthis planoconvexa. White, Pennsylvania Second Geol. Survey Rept. G6, p. 132. 

Uppermost Stormville shales [''Trilobite beds"]: Eastern Pike and Monroe counties. Pa., and William Nearpass 
quarry section in New Jersey. 

1883. Orthis liLcia. Ells, Canada Geol. Survey Rept. Progress for 1880-1882, p. 13DD. 

Gaspe upper limestones (Oriskany): Indian Cove, Grande Greve, and Little Gaspe, Gaspe Bay, Quebec. 
1889. Orthis planoconvexa. Schuchert, New York State Geologist Eighth Ann. Rept., p. 52. 

Oriskany: Cumberland, Md. 
1892. Dalmanella planoconvexa. Hall and Clarke, Paleontology of New York, vol. 8, pt. 1, pp. 207, 224. 

Lower Helderberg (no localities given). 
1892. Rhipidomella luda. Hall and Clarke, idem, p. 225. 

Devonian (no locality given). 
1897. Dalmanella planiconvexa. Schuchert, U. S. Geol. Survey Bull. 87, p. 202. 

Lower Helderberg and Oriskany: Albany County, N. Y.; Cumberland, Md. 
1897. Rhipidomella luda. Schuchert, idem, p. 349. 

Oriskany: Indian Cove, Gaspe, Quebec. 
1899. Orthis (Dalmanella) planoconvexa. Pressor, New York State Geologist Seventeenth Ann. Rept. (for 1897), 
pp. 340, 350. 

New Scotland shaly limestone: Countryman Hill and near Clarksville (Oniskethau Creek), Albany County, N. Y. 

?Becraft limestone: Oniskethau Creek. 



1 Ctool. Soc. London Quart. Jour., vol. 2, p. 276, pi. 11, flg. 4, 1846. 

* Schoohert, Charles, A synopsis of Annrtean fossil BrBolil<^>oda: U. S. Qeol. Survey Bull. S7, p. 293, 1807. 
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1900. Orthia (Dalmanella) planiconvexa. Schuchert, Geol. Soc. America Bull., vol. 11, pp. 282, 306, 314. 

New Scotland-Becraft: New York-Maryland-Vlrginia district; TTenneaaee. 

"Trilobitebeda" (Becraft): Trilobite Ridge, near Port Jervis, N.Y. 

Monterey sandstone (Oriskany): Cumberland. Md. 
1900. Orthia {Dalmanellaf) lueia. Schuchert, idem, p. 329. 

Gaspe limestone No. 8: Quebec. 

1900. Dalmanella planoconvexa. Clarke, New York State Mus. Mem., vol. 3, No. 3, p. 73. 

Kingston (Port Ewen) shaly limestone: West Shore Railroad near Kingston, N. Y., one-half mile southeast of 
Rondout Creek. 

1901. Orthis {Dalmanella) planaconvexa. Prosser, New York State Geologist Eighteenth Annual Rept. (for 1898), 

pp. 68, 61. 
New Scotland shaly limestone: High Point, Altamont, Knox, Helderberg Mountains, Albany County, N. Y. 
1903. Dalmanella planoconvexa. Van Ingen and Clark, New York State Mus. Bull. 69, pp. 1203, 1206. 
Upper Port Ewen beds: Near Rondout, N. Y. 
Oriskany: Glenerie, N. Y. 
1905. Dalmanella lucia. Clarke, New York State Mus. Bull. 80, p. 144. 

Grande Greve limestones: North shore of Gaspe Bay, Quebec. 
1905. Dalmanella planiconvexa. Williams and Kindle, U. S. Geol. Survey Bull. 244, p. 47. 

Coarse sandstone (Lower Helderberg): East fork of Powell River (above the flouring mill; station 1376 A', p. 28) ; 

and Southern Railway near Big Stone Gap (station 1376 B', p. ^); Bland County, Va. 
Coarse sandstone (Oriskany): Rear of Alabama Row, White Sulphur Springs, W. Va. (1380 A^, p. 34); Jackson 
River below Covington, Alleghany County, Va. (1382 B», p. 39). 
1907. Dalmanella drevermanni. Clarke, New York State Mus. Bull. 107, p. 286 (pars) not fig. 

Lower Devonic [Chapman sandstone]: Edmunds Hill, Chapman Plantation, Aroostook County, Maine. 

Orthids of medium to small size, convexo-planoid; radial lines fasciculate. Outline cir- 
ctdar or subcircular; ratio of length to width commonly 8:9; varying from 4: 5 to nearly equal, 
greatest width at or just back of the middle. Hinge line very short; cardinal outline some- 
times slightly concave each side of the beak. The pedicle valve is gibbous over the umbones as 
far as the middle, sloping to the front and sides; beak curved inward. Teeth supported by 
dental lamellsB which ciu-ve aroimd and include the musculature. Musculature half the 
length of the shell or a little more, indistinctly limited in front; ovoid in outline, widest near 
the middle. It is commonly about twice as long as wide, with a low, blunt ridge extending 
down the middle. The musculature of the pedicle valve is somewhat similar to that of Schi- 
zophoria (cf . S, impressa or 8, muUistriata). The internal mold of the shell is mainly smooth 
except for some obscure radial vascular markings and a narrow striate fringe at the mai^n. 

The brachial valve is nearly or quite flat and is commonly marked by a broad, faint, \mde- 
fined sinus. On the interior the muscular impression is quadrate or subcircular, indistinct in 
front, and limited posteriorly by the thick cardinal process and by two short diverging ridges 
(the crural processes ?) . A low broad median ridge divides the musculature. This ridge is highest 
and widest at the posterior edge of the musculature and is continued anteriorly into a faint, low 
rounded ridge which extends nearly to the front margin, where it is commonly obscure. Pos- 
teriorly this ridge becomes more prominent and merges into the cardinal process. Cardinal 
process bluntly toothlike; in the Maine forms it is divided into two parts by a sharp, narrow 
impressed line on the inner side. In internal molds the cardinal process leaves a prominent 
oval hole at the apex of the valve. The internal mold is unomamented except by a narrow 
striate fringe about the margin. The surface of the shell is covered with coarse threadlike 
radial lines which increase by bifuroation and implantation and are distinctly though not very 
conspicuoTisly fasciculate. In well-preserved specimens these lines are crossed by very obscure 
concentric lines of growth. The radial lines curve strongly upward near the posterior margin. 
It is extremely difficult to count the number of radial lines accurately, owing to the constant 
addition of finer ones alongside the coarser. The shell structure is minutely pimotate. Some 
of the punctse are arranged in distinct radial rows, but in other parts of the shell they are com- 
pactly crowded. The species may be recognized by its planoconvexity, very convex pedicle 
valve, thick shell, fasciculate coarse radial lines, and very low cardinal area. The radial lines 
are finer and more nimierous than in the Ordovician Dalnumella testudinaria, which the species 
otherwise closely resembles. 



MOLLUSCOIDEA. 59 

Locality: Chapman sandstone, west side of Edmunds Hill (very common), Edmimds Hill 
(occasional), Chapman Township, Aroostook County, Maine. 

U. S. National Museum, catalogue Nos. 59712, 59713. 

Remarks on DalmaneUa planoconvexa. — ^This species occurs in both the Helderberg and the 
Oriskany fauna. In the higher faimas of St. Helens Island, near Montreal, occurs an Ortlus 
which Schuchert regarded as ' * much like the Oriskanian variety of Z>. planocanveoMi.'' This would 
imply that the Helderberg and Oriskany representatives of this species are varietally distinct, 
but no such distinction has been emphasized or even noted elsewhere in previous literature on 
the species. 

A very closely allied '* species** from the Grande Greve limestone of Indian Cove, Gaspe, 
is the Orihis luda of Billings. This form differs from D. planoconvexa (Hall) in having no cardi- 
nal area, and it is possibly the Oriskany variety of Hall's species referred to by Schuchert. The 
cardinal area of Dalmandla planoconvexa is extremely narrow; it is observable only in the better- 
preserved specimens from Maryland and New York and can not be seen in the Maine specimens. 
As an Orthis with no cardinal area whatever would be anomalous, we are inclined to think that 
the shells of Orihis luda of Billings, like those from Maine here described, represent a condition 
of preservation of D. planoconvexa (Hall), in which the very narrow cardinal area of Hall's species, 
observable at best only in superlatively preserved specimens, is hardly discernible, and that 
Billings's specific name has probably no standing, even as the name of a variety. Hall and 
Clarke and Schuchert evidently regard 0. luda Billings as not only specifically but also generic- 
ally distinct from D. planoconvexa, for they refer Billings's species to the genus Rhipidomella. 
The only basis for this reference is the assumption that the gibbous valve described by Billings 
is the ventral valve; but this is a doubtful assumption, and the Maine material, which appears 
to correspond with Billings's descriptions, is a Dalmanella, not a Rhipidomella. 

Spedfic and stratigraphic retations. — ^In European SQurian-Devonian faunas Orihis orbicvr- 
laris Sowerby, from the Ludlow beds of England, Ireland, and Esthonia,^ has been regarded as 
a close ally of D. planoconvexa, but this European shell is a distinct form, having the brachial 
valve more convex and the musculature shorter than in the American forms, and Sowerby's 
types also lack the f asciculation of the radial lines. 

In the Devonian of Turkey, Germany, northwestern France, and Spain ' there occurs an 
Orthis which is with difficulty distinguishable from D, planoconvexa Hall. This European species 
was originally identified by De Vemeuil ' with Sowerby's Orthis orbicularis. Subsequently it 
was discovered that Sowerby's species was different, but as the English form has been regarded 
by some as a variety of 0. elegantuUiy which it really is not, De Vemeuil decided to retain the 
name 0, orbicularis for the Lower Devonian continental species. This decision has been adopted 
by Kayser and others. In this European shell the pedicle valve appears to be more ventricose 
than in the American species, and is less subcarinate and more broadly inflated. 

Dalmanella cf . D. circularis Sowerby. 

Plate VII, figure 9. 

The following synonymy includes some of the more important references to Sowerby's 
species: 

1842. Orihis circularis. Sowerby, Greol. Soc. London Trans., 2d ser., voL 6, p. 409, pi. 38, fig. 12. 

Rhenish Lower Devonian: Daun, in the Eifel, Grermany. 
1845. Orthis orbicularis (not Sowerby). De Vemeuil, Soc, g^l. France Bull., 2d ser., vol. 2, p. 478, pi. 15, ^g. 9. 

Eo-Devonian limeBtone: Ferrones and Pelapaya, Asturias, Spain. 
1853. Orthis circularis. Schnur, Palaeontographica, vol. 3, p. 218, pi. 39, fig. 1 (? pi. 38, figs. 5a, 5b). 

Graywacke (Lower Coblenzian): Daun and Daleiden, in the Eifel, Germany. 

> See OrtkiM lunala In Davidaon, Thomas, Monograph of British fossil Brachiopoda, pt. 7, Silurian, p. 21d, pi. 28, figs. IS, 1870. 

* See Ortkig orbkularia in Kayser, Emanuel, Die Fauna der Utesten DeTon-Ablagerangen des Harxes: Abh. Qeol. Speclalkarte Preuss., etc., 
Bd. a, Heft 4, 1878, p. 187, pi. 28, ags. 11-13; pi. 34, flg. 7. 

* Soc. gfitiL. France Bull., ad ser., vol. 2, p. 81, pi. 15, flg. 9, 1845. 
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1854. Leptxna orbicukaris (?). Wirt^n,^ NaturhiBt. Ver. preufls. Rheinlande Verh., vol. 11, p. 374. 

Lowest graywacke [Taunusian?] Bohsbeuren, near Bertrich, Rheniah Pruaaia. 
1857. Orthis cireularU. Krantz, idem, vol. 14, p. 155. 

[Eo-]Devoniaii: Menzenbeig, Daun, and Daleiden, Pruasia. 
1871. Orthis drcularia. Kayaer, Deutach. geol. Geaell. Zeitachr., vol. 23, p. 603, footnote. 

[Lower £o-]Devonian: Daun and Stadtfeld, in the Eifel, Grermany; Ferrones and vicinity, Aaturiaa, Spain; 
Nehou, La Manche, France. 
1871. Ortkia eircularU. Quenatedt, Petrefakten Deutachlanda, Brachiopoden, pp. 569, 573, pi. 56, figs. 8, 9, 13, 14 (not 
20-22). 

Graywacke [Lower Coblenzian]: Daun, Daleiden, Laubach, Kemmenau, Germany. 
1876. Orthis circularis. Ribbentrop, Naturhiat. Ver. preuaa. Rheinlande Corr.-BL, vol. 33, p. 103. 

Taunuflian to Hundaruckian [Eo-Devonian]: Between Neiother Head, Obenrtadtfeld, and Salm, in the £ifel» 
Germany. 
1881. Orthia cf. 0. circularis. Kayaer, K. preuaa. Geol. Landeeanstalt Jahrb. (for 1880), p. 263. 

Taunua quartzite: Sauerbrunnen and ?Neuh1!ltte, near Birkenfeld, Pruaaia. 

1881. Orthis circularis, Dewalque, Soc. g6ol. Belgique Bull., vol. 8, p. 159. 
Ahrien (Lower Coblenzian): Niederatadtfeld, in the Eifel, Germany. 

1882. Orthis circularis. FoUmann, Naturhiat. Ver. preuaa. Rheinlfinde Verb., vol. 39, pp. 153, 171, 178. 
Lower graywacke: Bonabeuren. near Bertrich, Germany. 

Upper grayiiracke, Chondritea beda, and higher: Near Olkenbach, aouthem Eifel, Germany. 

1883. Orthia a£f. 0. arcuata. Kayaer, K. preuaa. geol. Landeaanatalt Jahrb. (for 1882), p. 131. 
Taunuaian: Saltern Railway cut, 4 to 5 milea aouth of Torquay, South Devonahire, England. 

1885. Orthis circukaris. Goaaelet, Soc. g^l. Nord Annalea, vol. 13, pp. 334-338. 

Taunuaian: Anor; wooda of the Haracamp hoapital back of Montigny-aur-Meuae; Virrua Wooda, northeaat of 
Nouzon; 148.56-kilometer poat on the railroad near Nouzon; Neufmanil Wooda; Grand Duchy of Luxembouig. 
1887. Orthis circularis. B6clard, Soc. beige g6ologie, paldontologie et hydrologie Bull., vol. 1, 1887, p. 87, pi. 4, figs. 
13, 14. 
Coblenzian [Taunuaian]: St. Michel, near St. Hubert, Belgium. 
1891. Orthis circularis. FoUmann, Naturhiat. Ver. preuaa. Rheinl&nde Verb., vol. 45, p. 141. 

Lower Spirifer sandatone (Lower Coblenzian): Vallendaf, Ehrenbreitenatein, Pfaffendorf, Bienhomthal, Lau- 

bach-KOnigbach. 
Middle Spirifer aandatone (Coblenz or Ema quartzite): Bienhomthal, Oberlahnatein (?), Muhlthal, and 

Konigaatuhl. 
Upper Spirifer aandatone (lower part of Chondritea beda) : Vallendar Valley; all localities in the Coblenz district^ 
Grermany. 
1899. Orthis drcularis. Collina, Roy. Geol. Soc. Cornwall Trana., vol. 12, pp. 233, 239. 

Siegen, or probably Lower Coblenzian: Fowey, Cornwall, England. 
1902. Orthis circularis. Drevermann, Palaeontographica, vol. 49, p. 109, pi. 14, figa. 1-3. 
Siegen graywacke: Self en. 
Lower Coblenzian: Oberatadtfeld, near Daun, in the Eifel, Germany. 

1906. Orthis circularis. Green and Sherbom, Geol. Mag., dec. 5, vol. 3, p! 35. 
Taunuaian: Polyne quarry, Cornwall, England. 

cf. 1907. Dalmanella drevermanni. Clarke, New York State Mua. Bull. 107, p. 286, fig. 
Lower Devonic [Chapman aandatone]: Edmunda Hill, Chapman, Maine. 

1907. Orthis circularis. Uaaher, Geology of the country around Plymouth and Liakeard, Devon-Cornwall (Geol. Survey 

England and Walea, Explan. Sheet 348), p. 33. 
Meadfoot group ahalea [Taunuaian]: Quarry north of Polyne farm, Looe diatrict, Cornwall, England. 
1909. Orthis circularis. Uaaher and othera. Geology of the country around Bodmin and St. Auatell, Cornwall (idem, 

aheet 347), p. 25. 
Meatfoot group [Lower Coblenzian]: Fowey, Cornwall, England. 

A small brachial valve found in the Chapman sandstone at Edmunds Hill closely resembles 
the species from the Rhenish Lower Devonian described by Sowerby under the name Orthia 
circularis. The close similarity of the species to DalmaneUa planoconvexa Hall was observed 
by Drevermann. Clarke apparently refers to the same species, as well as to DalmaneUa piano- 
convexaj in applying the new name DaimaneHa drevermanni to Chapman sandstone specimens 
from the same locality as the present material. The dorsal valve figured by Garke and de- 
scribed as D, drevermanni appears to be the same species as our Dalmanella cf . D. circularis 
Sowerby. 

> Wlrtgon's material, in the muaeani of ths Prussian Rhelnland Natural History Society, is identified with Sowerby 's species by FoUmann, 1882. 
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The sheU is subcircular in outline; length 10.5 millimeters, width 11.5 millimeters, greatest 
width just above the middle. The dorsal valve is nearly flat, depressed convex without evident 
sinus; marked by strong dichotomous radial lines which are not fasciculate. A few fragments of 
the pedicle valve also show distinctly nonfasciculate radial sculpture; in curvature and in inter- 
nal structure they agree with D. plarioconvexa. As for internal structure, Drevermann's figures 
of D. circuJaris and the figures of D, planoconvexa in the present work might have been made 
from the same specimens. 

Most of the specimens of Dalmanella of this general type from the Edmunds HiH locality 
we have identified with D. planoconvexa (Hall), The sheUs referred to Sowerby's species diflFer 
from D. planoconvexa in lacking the dorsal sinus and in having the radial lines uonfasciculate 
though strongly dichotomizing. 

Locality: Chapman sandstone, west side* of Edmunds Hill, Chapman tovmship, Aroostook 
County, Maine. 

U. S. National Museum, catalogue No. 59714. 

Genera SCENTDITTM HaU and MYSTROPHOBA Kayser. 

The genus Skenidium (now spelled Scenidium)^ was founded by HaU ' in the year 1860 to 
include orthoid shells having a wide hinge line with angular extremities, a high cardinal area in 
the convex pedicle valve, and a fairly well developed though lower area in the depressed brachial 
valve, and on the interior of the brachial valve a thick median septum. The septum extends 
in some forms the entire length of the valve and downward as far as the pedicle valve; in the 
umbonal region a spoonlike bowl on each side is formed by a ridge or septum curving round from 
near the base of the crura to the median septum. The structure is somewhat similar to the 
spondylium of the pentameroids but differs in several respects, chief among which is that in 
Scenidium the median septum is continued through this pseudospondyUum to the tip of the beak, 
forming "spondylia" on each side of the median septum, whereas in the superficially similar 
Clitambonites and in all the true pentameroids the spondyliimi is simple and the septum when 
present extends only to the front edge of the simple spoon and not to the tip of the beak. In 
Soenidium there are also in the pedicle valve no such septal structures as are usually developed 
in the pentameroids. The genus Scenidium is rather well marked interiorly and of typical low, 
Cyrtina-Uke aspect on the exterior. 

In 1871 Kayser,* apparently imaware of Hall's genus Scenidium, erected the genus Mystro- 
phora for small low Cyrtina-Hke orthids with the same internal structure as Scenidium — a small 
median septum in the depressed brachial valve and a spoonlike bowl on each side in the umbonal 
region, with the cardinal process weakly developed. The type of Mystrophora was Quenstedt's 
Orthis areola, from the Eifelian, Middle Devonian, and Kayser included in his genus also OriJiia 
lewisi Davidson,* from the Wenlock of Great Britain and Gotland. 

Hall and Clarke" in 1892 regarded Mystrophora as a complete synonym of Scenidiujqi. They 
noted not a single point of distinction between Mystrophora and Scenidium and since then Sceni- 
dium has been supposed to include Mystrophora. Winchell and Schuchert remove these shells 
altogether from the orthids and place them near Clitambonites in the group of Pentameracese, 
presimiably because of the presence of the pseudospondyUum and the superficial resemblance to 
Oitambonites, which is commonly regarded as pentamenerid. 

The genus Mystrophora is not, however, identical with Scenidium, for whereas all the Ordo- 
vician and Silurian species of Scenidium have impunctate shells, Orthis (My^rophora) areola 
is strongly punctate. Kayser* in his description of Quenstedt's species 0. (if.) areola says: 
" Schalenstrucktur perforirt," and he figures the punctate shell structure. In Mystrophora the 
delthyrium is entirely open, not partly closed as m several species of Scenidium. The surface 

1 Oehlert, D. P., Soc. Etudes sci. Angers Bull., 1887 (p. 4 of separate). HaU and Clarke, Paleontology of New York, pt. 1, p. 241, 1802. Winchell 
and Schachert, Minnesota Qeol. Snrvey, vol. 3, p. 381, 1893. 

* New York State Cab. Nat. Hist. Thirteenth Ann. Rept., p. 70, figs. 1-5, 18e0; type OrikU intigne HaU, Lower Helderberg. 

* Kayser, Emanuel, Die Brachiopoden des mittel und ob^ Devon der Eifel: Deutsch. geol. Oesell. Zeitschr., 1871, p. 612, pi. 13, fig. 5. 

* Davidson, Thomas, British Silurian Brachiopoda, p. 208, pi. 26, figs. 4-0, 1860. 

* Op. cit. 

* Op. cit., p. 612, middle of page, pi. 13, ag. 5i. 
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is finely or coarsely ribbed, with the riblets increasing by bifurcation or frequent implantation, 
as distinguished from the simple plicatjions on the surface of typical Scenidium. 

Mystrophora does not belong in the family Pentameridse, for not only is its spondylium-like 
structure entirely distinct from tiiat of the pentamerids, but the shell structure is punctate and 
the muscular scars are strongly impressed and occupy the bottom of the valve. Mystrophora 
and the closely aUied but distinct genus Scenidium Hall should therefore be retained among the 
orthids, where they were originally placed by Hall, Davidson, Kayser, Oehlert, and Clarke. 

In specimens of Mystrophora elevata from Maine the spoonHke bowls each side of the median 
septum are distinctly preserved in the internal mold, but they do not appear to be so well devel- 
oped as in the typical forms of Scenidium and Mystrophora. The median septum, too, though 
well developed, thick, and deep, does not attain the extreme development observable in these 
genera. It is possible that more and better material may show less deviation from the typical 
Mystrophora, but our specimens, even as they are, may safely be referred to Kayser's genus. 
The shell structure is punctate. The species closely resembles Dahnanella, with which it was 
originally identified, and serves to show the very close relationship between Mystrophora and 
DalmaneUa. Scenidium devonicum Walcott * from the Lower Devonian of Nevada is placed in 
the genus DalmaneUa by Schuchert,* but should probably be included in Mystrophora. It is also 
probable that a closer study will tend to remove several other doubtful species now referred to 
the impunctate genus Scenidium and some cyrtinaform DalmaneUas into the punctate genus 
Mystrophora. 

The name Mystrophorus was used by Forst in 1856 for a genus of Hymenoptera prior to 
Kayser's proposal of the name Mystrophora in 1871. This should not, however, invalidate 
Mystrophora. ^ 

Dalmanella (Mystrophora) elevata sp. nov. 

Plate VI, figures 1, 2, 3, 6, 9; Plate VII, figures 12, 19, 23; Plate VIII, figures 17-23. 

The pedicle valve is elongate, semieUiptical, with a broad, straight hinge line, rather sharp 
cardinal extremities, and obtusely acuminate umbo. The valve is subcarinately gibbous. 
The greatest height is equal to one-third the length and is situated over the beak, from which 
the surface slopes to the front and lateral margins. The tip of the beak is hardly at all incurved. 
The cardinal area of the pedicle valve is very high, almost equal to the height of the valve. It 
is only slightly arching and is inclined at an angle of 60^ to the plane of the margin. Delthy- 
rium open; angle 45° or less. The musculature of the pedicle valve is pentagonal-cordate in 
outline. It extends forward to the middle of the sheU, or shghtly beyond, and is surrounded 
by a raised ridge or platform. It is divided into two elongately trigonal scars, which are not 
subdivided. Surface of the pedicle valve unknown, but marked, apparently, by rather coarse 
radial lines. 

The brachial valves, which are regarded as belonging to this species, are quadrately sub- 
circular. The hinge hne is broad and straight and is about two-thirds the width of the sheU. 
The posterior margin reclines from the beak at an angle of 145° to 150°. The cardinal extremi- 
ties, if preserved, are sharp and obtusely angular. The proportion of length to width of the 
brachial valve varies from 6 : 7 to 7 : 9; the greatest width is at or sUghtly in front of the 
middle. The cardinal area extends the width of the hinge line, or about two-thirds the width 
of the shell, and is well developed, though less conspicuous than that of the opposite valve. 
The brachial valve as a whole is depressed convex; a specimen 13 miUimeters long and 14.5 milli- 
meters wide has* a depth of 1.25 miUimeters. The valve is marked by a distinct rounded sinus 
of undefined limits. On the interior of the brachial valve the thick crural bases extend in 
front of the deep dental sockets. A thick median septum reaches one-third the length of the 
valve and ends posteriorly in the cardinal process, which appears to have been simple and to 
have had an impressed line down its center. In front of the median septum there is on each 
side a large, circular, indistinctly bipartite adductor scar extending a trifle in advance of the 

1 Walcott, C. D., Paleontology of the Eureka district [Nevada]: U. 8. Geol. Survey Mon. 8, 18M, p. 116, pi. 13, fig. 4. 
9 Schuchert. Charles, Synopsis of American fossil Brachiopoda: U. S. Geol. Survey Bull. 87, p. 200, 1S97. 
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midlength of the valve. Behind this muscular scar there is on each side, in the internal mold, 
a troughhke depression curving around from the base of the crura to the median septum. 
This represented, in the original shell, a low, curving ridge which inclosed a spoonlike basin 
in the umbonal region on each side of the median septum, as in Scenidium and Mystrophora, 
but apparently not quite so well developed as in typical forms of those genera. The shell is 
coarsely punctate; the pimctse are closely crowded and do not appear to be arranged in any 
radial, concentric, quincunx, or other regular order. 

The ornamentation on the brachial valve consists of very coarse, nonfasciculate, radial 
lines or ribl^, which increase by bifurcation, rarely by implantation. These are crossed in 
the best-preserved specimens by concentric lines which are weakly developed on the crests of 
the radial lines, but which impart to the interspaces a strongly crenulate aspect. About 50 
radial riblets or lines may be counted at the margin of an average specimen. 

The distinguishing features of the species a^ the high caxdind area in both pedicle and 
brachial valves, the wide hinge line and subangular cardinal extremities, the coarse surface 
Unes or riblets, the depressed convex brachial valve with broad imdefined sinus, and, on the 
interior, a lai^e spondyhum with the median septum continuing through it and dividing it 
in two. 

Locality: Edmunds Hill Gocahty 1099 O), Chapman Township, Aroostook County, Maine. 

U. S. National Museum, catalogue No. 69715. 

Comparisons. — ^This species resembles Scenidium devonicum Walcctt * in the outline and 
convexity of the pedicle valve, but that species is a minute form, much smaller than our 
species, and has coarser ornamentation. The wide, straight hinge line and elongate outline 
recall also OrOiis (RhipidoTneUa) eminens Hall,' but that fossil has the musculature of Rhipi- 
domella, and its pedicle valve is more depressed than in DalnumeUa eUvata. 

Orihostrophia canadensis Clarke ' bears a close resemblance to oiir DalmaneUa (Mystrophora) 
elevaia, but it has a much smaller musculature in both valves, and the fold or carination in 
the pedicle valve is much better developed than in the Chapman fossil. 

DdlmaneJla penouHe Clarke,^ from the so-called Middle Devonian of the Gaspe basin, 
Quebec, has a wide posterior margin and high cardinal area, Uke the Chapman fossils under 
consideration, and the outline and ornamentation are approximately similar in the two, but 
the Gaspe form is described as having a short hinge Une. 

Order TELOTREMATA Beeolier. 

Family RHYNCHONELLIDi£ Gray. 

Oenus STEN08CISMA Conrad (CAlCABOT(BCHIA of authon, in part). 

The species Stenosdsma formosa Hall is the genotype of the genu9 Stenoscisma of Conrad, 
1839,* and of Hall, 1867.' The discovery, in the Chapman specimens of the species, of dental 
plates in the pedicle valve, and of a forked or Y-shaped septum in the brachial valve, together 
with the absence of a cardinal process, shows that they are identical with the mass of Paleozoic 
rhynchonelloids referred by authors to the genus Camarotoechia Hall and Clarke.^ The geno- 
type of Camarotoechia, C. congregata (Conrad), displays crenulated or corrugated dental sockets, 
which are also observable in a few other species, chiefly from the Middle and Upper Devonian 
(C. contracta (Hall), C. eximia (HaU), C. orbicularis (Hall), C, prolijica (Hall), KhynchoneUa 
allegania (WilUams), etc.). This character ,has not yet been observed in the Maine speci- 

1 Walcott, C. D., U. S. Geol. Survey Hon. 8, p. 116, pi. 13, fig. 4, 1884; Lower Deyonian, Eureka district, Nev. * 

s See Schuchert, Charles, U. S. Oeol. Survey Bull. 87, p. 348, 1497, for references to this species. It is described from the New Scotland lime 
stone of the Helderberg group in New York and is reported from the Helderbergian Square Lake limestone of Square Lake, Maine, as well as 
from the limestone containing Becraft fossils at St. Helens Island, near Montreal, Canada. 

< New York State Mus. Bull. 107, p. 285, figs., 1907. The species is described from the St. Albans beds of the Grand Cove and Cape Rosier Cove, 
Quebec, and reported from Square Lake, Maine. 

4 Idem, pp. 285-286, figs. 

• New York Geol. Survey Third Ann. Kept, pp. 58, 50, 1839. 

« Paleontology of New York, vol. 4, pp. 334, 335, 1867. 

T Idem, vol. 8, pt. 2, p. 189, 1883. 
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mens of Stenoedsma formosa, nor indeed in the bulk of species referred to Camarotcechia. If 
it should really prove to be absent in Stenoscisma, then CamarotoBchia may stand as a valid 
genus distinguishable from Stenoscisma in that it has the dental sockets crenulated. 

Owing to the uncertainty previously attendant upon the use of the name Stenoscisma of 
Conrad, Schuchert^ has proposed that Stenoscisma be abandoned altogether and has referred 
S, formosa to the genus Rhynchotrema HaU, 1860. In Rhynchotrema, however, there is a 
cardinal process present throughout hfe;' and the genus also lacks dental lamellae. Nearly a 
dozen speoies known to belong to Rhynchotrema are exclusively Ordovician. I am therefore 
of the opinion that the generic name Stenoscisma is appropriately applied to the species described 
by Hall as its type species and here foUow the usage proposed by Hall and Clarke in 1893. ' 

Stenoscisma Formosa Hall. 

Plate VI, figures 4, 5, 7, 10, 14, 21, 22, 25. 26. 

1839. Rtenoscismaa^' Terehratulaschhtheimii (von Buch)." Conrad, New York Geol. Survey Third Ann. Kept., pp. 58-^59. 
See Paleontology of New York, vol. 8, pt. 2, p. 187. 
"Silurian:" New York. 
1867. Rhynchonella formosa. Hall, New York State Cab. Nat. Hiat. Tenth Ann. Kept., p. 76, figs. 1-5. 

Shaly limestone of the Lower Helderbeig and in the Upper Pentamerus limestone: Albany and Schoharie 
counties, N. Y. 
1859. Rhynchonella formosa. Hall, Paleontology of New York, vol. 3, p. 236, pi. 35, fig. 6. 

Shaly limestone of the Lower Helderbeig group, and in the Upper Pentamerus limestone: Helderberg Moun- 
tains, Schoharie, Hudson, Catskill, Carlisle, Cherry Valley, and other places in New York. • 
1867. 8 tenoKisma formosa. Hall, idem, vol. 4, p. 334. 

Lower Helderbeig: New York. 
1874. Rhynchonella dryope. Billings, Paleo7x>ic fossils, vol. 2, pt. 1, p. 37, pi. 3, figs. la-c. 

Gaspe limestone No. 8: Grande Greve, Gaspe Bay, Quebec. 
1878. Rhynchonella formosa. Aflhbumer, Pennsylvania Second Geol. Survey Kept. F, p. 241. 

Basal 50 feet of Lewistown limestone: Aughwick Valley, Huntingdon County, Pa. 
1881. RhynchoTiella formosa. Piatt, Pennsylvania Second Geol. Survey Kept. I, p. 41. 

Lower 50 feet of Lewistown limestone: Huntingdon County, Pa. 
1883. Rhynchonella dryope. Ells, Canada Geol. Survey Kept. Progress for 1880-1882, p. 13DD. 

Upper Gaspe limestones (Oriskany): Indian Cove, Grande Greve, and Little Gaspe, Gaspe Bay. 
?1883. Rhynchonella formosa. White, Pennsylvania Second Geol. Survey Kept. G7, pp. 89, 98, 101, 261, 311, 313. 
Bastard limestone: Mauser quany, Montour Township, Columbia County, Pa. 
* Between Bastard and Stromatopora limestones: D. Derr's quarry. Limestone Kidge, Liberty Township, and 
A. F. Kussell quarry, near Mahoning Creek, Valley Township, Montour County, Pa. 
Stromatopora limestone: Quarry opposite Lime Kidge station, Columbia County, Pa. 

1885. Rhynchonella formosa. White, Pennsylvania Second Geol.. Survey Kept. T3, pp. 126, 172. 
Bastard limestone: Lincoln Township. 

Near base of Lewistown limestone: Aughwick Valley. Both localities in Huntingdon County, Pa. 

1886. Rhynchonella formosa. Darton, Am. Joiu*. Sci., 3d ser., vol. 31, pp. 212, 214. 
Lower Helderberg: Cornwall station, Orange County, N. Y. 

not 1886. Rhynchonella formosa. Shaler, Am. Jour. Sci., 3d ser., vol. 32, p. 55. 

Lower Helderberg siliceous limestone: Half a mile south of Balls Mills, Whiting Bay, Maine. 
1890. Rhynchonella formosa. Deeks, Canadian Kec. Sci., vol. 4, No. 2, p. 108. 

Lower Helderbeig: St. Helens Island, Montreal. 
1893. Stenodsma formosa. Hall and Clarke, Paleontology of New York, vol. 8, pt. 2, p. 187, pi. 56, figs 41-45. 

Lower Helderberg group: Albany County, N. Y. 
1896. Rhynchonella formosa. Ami, Canada Geol. Survey Ann. Kept., new ser., vol. 7, p. 156J. 

Lower Helderberg: St. Helens Island, Montreal. 
71897. Rhynchotrema formosum. Schuchert, U. S. Geol. Survey Bull. 87, p. 369. 

Lower Helderbeiig: Schoharie and Albany counties, Nr Y.; Lake Temiscouata, New Brunswick; Arisaig, Nov>» 
Scotia. 

1899. Stenochitma formosa. Proeser, New York State Geologist Seventeenth Ann. Kept, (for 1897), pp. 340, 351. 
New Scotland shaly limestone: Countryman Hill and Oniskethau Creek sections, Albany County, N. Y. 

1900. Camarotoschia dryope. Clarke, New York State Mus. Mem., vol. 3, no. 3, p. 41, pi. 5, figs. 20, 21. 
Oriskany siliceous limestone: Becraft Mountain, Columbia County, N. Y. 

1 Schuchert, Charles, Synopsis of American fossil Brachlopoda: (T. H. Oeol. Survey Bull. K7, p. 413, 1897. 

< Wlnchell, N. H., and Schuchert, Charles, Geol. and Nat. Hbt. Hur\'«y Minn«».Hota, vol. 3, pt. 1 (Paleontology), p. 458, 1896. 

i Hall, James, and Clarke, J. M., Paleontology of New York, vol. H, pt. 2, p. 1M7, 1803. 
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1901. SteruychirmaformoM. Proaser, New York State Geologist Eighteenth Ann. Kept, (for 1898), p. 61. 

New Scotland shaly limestone: Knox, Albany County, N. Y. 
?1903. Rhyndumella (Rhynchotreina) formosa. Schuchert, U. S. Nat. Mus. Proc., vol. 26, pp. 418-423. 

Manliufl shaly limestone: Baltimore & Ohio Bailroad quarries, Kayser, Mineral County, W. Va.; Devils Back- 
bone, near Cumberland, Md. 
1903. RhyrichotreTmformotum, Weller, Paleontology of New Jersey, vol. 3, pp. 92, 94, 95, 309, 328, pi. 36, figs. 5-12; 
pi. 42, figs. 5-8. 

Becraft limestone: Near Nearpaas quarry, N. J. 

"Trilobite beds:" Near Nearpass quarry and three-fourths of a mile southwest of Wallpack Center, N. J. 
1903. Rhynchotremaformosum. Van Ingen and Clark, New York State Mus. Bull. 69, pp. 1188, 1191, 1193. 

Basal Coeymans limestone, upper New Scotland limestone, middle Becraft limestone: Becraft Mountain, Colum* 
bia County, N. Y. 
?1903. RIttfnchotTema/ormamm. Van Ingen and Clark, idem, p. 1203 (error for Rhynchoipiraformowf). 

Oriskany siliceous limestone: Glenerie, N. Y. 
1905. CanusroUrckia dryope. Clarke, New York State Mus. Bull. 80, p. 146. 

Grande Greve limestone: North shore of Gaspe Bay, Quebec. 
1905. Stenochiamaformoaa. Shimer, idem, pp. 185, 227, 245, 265. 

Upper New Scotland and "Trilobite beds" (lower Oriskany): Trilobite Kidge, Orange County, N. Y. 
1905. Rhyrichotrenuiformo9um. Williams and Kindle, U. S. Geol. Survey Bull. 244, p. 28. 

"Oriskany" sandy and cherty beds: Southern Railway, near Bigstone Gap, Wise County, Va. 

Biconvex, highly gibbous, subglobular rhynchoneUids of medium size, with less than 24 
coai^e ribs. Pedide valve ventricose, less so than the brachial; beak strongly incurved at 
nearly right angles to the plane of the margin. In longitudinal profile the shell is flat for two- 
thirds of the length of the front; surface elevated, abruptly deflected to the postero-lateral 
margins, less abruptly deflected in front. A mesial sinus is deeply depressed in front, flat at 
the bottom, but is obsolescent in the region over the musculature. The mesial profile of the 
sinus is evenly arcuate longitudinally. The musculature extends not quite half the length of 
the shell. It is elongate trigonal, strongly elevated in front, and surrounded by a border ele- 
vated above the interior surface of the valve. The adductor scars are oval or circular, simken, 
rather small, and continued posteriorly into an elongate cicatrix (the pedicle muscular scar), 
which extends along the middle of the musculature to the posterior end. Small dental lamellae 
are distinctly preserved in the better specimens. These lamellae are short, bound the muscular 
ture posteriorly, diverge at an acute angle of about 55^ to 70°, and in well-preserved internal 
molds leave a very thin, knifehke extension of the rock matrix projecting toward the beak. 
They are well developed in younger individuals but tend toward obsolescence at maturity. 
The delthyrial characters are obscure and uncertain. The delthyrium seems to have been an 
open fissure in the posterior margin with cardinal area entirely absent. The tip of the beak is 
invariably broken in the Maine specimens, but whether this indicates a circular pedicle opening 
at the apex or accidental fracture can not be definitely stated. 

The brachial valve is broadly, rather uniformly, and very highly inflated, its depth being 
equal to half the length or more. There is a pronounced fold in front, where it is strongly 
raised above the general surface by the elevation of the outer slopes of the outermost ribs 
(on the fold). The anterior margin of the valve is insinuate in the region of the fold. On the 
interior of the brachial valve there is a distinct median septum which extends nearly a quarter 
the length of the shell. Its detailed features are not preserved, though it appears to fork pos- 
teriorly. The average size of the specimens is about 15 millimeters in length by about lh.5 
millimeters in width. 

The surface is covered by 16 to 22 strong rounded ribs, becoming subangular in front. 
Three or four ribs are in the sinus and four or five on the fold. They extend to the beak. Most 
specimens have only six ribs on each side of the fold and sinus and thus agree very well with 
the form of Stenosfisma formosa from Gaspe, called Rhynchondla dryope by Billings. This 
form oocurs at Becraft Moimtain, according to Clarke, and according to Weller, in the New Scot- 
land-Becraft beds and in the Dalmanites dentatus zone of New Jersey. Billings's species was 
supposed to differ from Stenoscisma formosa in having slightly stronger ribs, but in the forms 

50245*— No. 89—16 5 
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here discussed this character possesses little or no diagnostic value, for it is determined largely 
by conditions of preservation. 

Locality: Chapman sandstone, west side of Edmunds Hill, Chapman Township, Aroostook 
Coimty , Maine. The recording of the form of the species known as Stenoscisma dryope (Billings) 
from the Oriskany of New York and Quebec suggests that the fossil may be also expected in 
the Moose River sandstone fauna of northern Maine. 

U. S. National Museum, catalogue No. 59716. 

Comparisons. — ^This species is referred by Schuchert to the genus Rhynchotrema and 
has therefore commonly come to be known among American geologists as RhyncJtotrema for- 
mosum. In 1900, in discussing the evolution of the rhynchoneUoids of the Maine Devonian, 
I suggested* then that this species probably could not belong to the genus Rhynchotrema. The 
genus Rhynchotrema (type species, RhyncJumeUa capax) includes the following species: 

Rhynchonella {Rhynchotrema) capax (Conrad), Lorraine. 
inxquivalve (Castelnau), Trenton. 
latieo8tatum Winchell and Schuchert, Trenton. 
ainsliei Winchell, Trenton. 
ottawaenae (Billings), Trenton. 
perUxmellosum Whitfield, Lorraine. 
aubtrigonalis Hall, Trenton. 
dentatum Hall, Trenton and Lorraine. 

None of the members of this group of species pass above the Ordovician in the geologic 
column, and the Rhync?ioneUa formosum in the Helderberg is the only species referred to the 
genus above the Ordovician. As I said in 1900, '*The genus is thus characteristically Ordo- 
vician in age, and the propriety of referring the Lower Helderberg species to the genus calls for 
careful examination. *' The impropriety of Rhynchotrema as a generic receptacle for Steno- 
sdsma formosa has already been referred to in the discussion of Conrad's genus. 

STENOSGISBfA FOBMOSA Hall (yOUUg). 
Plate VI, figures 25, 26. 

A small rhynchonelloid was found at Edmimds Hill in the same strata with the larger 
mature specimens of Stenoscisma formosa above described and is regarded as the young of that 
species. The specimen, which is only 6.8 millimeters long, 618 millimeters wide, and 3.1 milli- 
meters thick, preserves important internal characteristics which are less clearly defined on the 
larger specimens. 

Shell small, depressed, biconvex; outline trigonal, widest in front of the middle. Pedicle 
valve depressed convex, hardly appreciably less convex than the brachial valve; apex acumi- 
nate, subtending a right angle. A sinus is beginning to appear at the margin. This sinus 
is deeply excavated; its bottom is flat and marked by three plications. On each side there 
are five or six plications. The brachial valve is strongly convex, but hardly appreciably 
more elevated than the pedicle valve. The outline is rounded, and the length is 0.9 millimeter 
less than that of the pedicle valve. On the surface a strongly elevated fold is beginning to 
appear on the front margin, where there are four plications on the incipient fold and four or five 
more on each side. The plications are very strong and reach nearly to the apex. The speci- 
men is an internal mold. 

In the pedicle valve two prominent dental plates extend one-fifth the length. In the 
brachial valve a sharp median septum extends about half the length of the shell or a trifle less. 
Posteriorly the septum is forked, and each of the two divisions supports a crural process. The 
latter extend anteriorly and toward the pedicle valve and diverge only very slightly. There 
is no cardinal process. 

Locality: Chapman sandstone, west side of Edmunds Hill, Chapman Township, Aroostook 
County, Maine. 

1 Wailams, H. 3., and Gregory, H. B., Contribations to the geology of ICaine: U. S. Oeol. Survey Bull. 105, p. 58, 1900. 



MOLLUSCOIDEA. 67 

Ghenua BHYNCHONELI«A De Waldheim, 1809. 
(BhynohoiMUldM inoMta Mdlf .) 

Rhynchonella cf. R. mainensis Billings. 

Plate VI, figure 12. 

cf. 1869. Rhynchonella mainensis. Billings, Portland Soc. Nat. Hist. Proc., vol. 1, pt. 2, p. 110, pi. 3, fig. 4. 

Limestone of Square Lake [of Helderbei^ age]: Square Lake, Aroostook County, Maine, 
cf. 1900. Rhynchonella mainensis. Billings, quoted in Williams and Gregory: U. S. Geol. Survey Bull. 165, p. 69, 
pis. 1, 2. 

Limestone of Square Lake [of Helderberg age]: Square Lake, Aroostook County, Maine. 

A few specimens of obscure rhynchonelUds from the Chapman sandstone are referred with 
some hesitancy to Billings's species R. mainensisy from the Helderbergian Square Lake lime- 
stone of Maine. The brachial valve figured shows the presence of a very small, thin raised line 
representing the cardinal process. There is no trace of median septum and the dental sockets 
are minute and do not exhibit crenulations. The surface is marked by about 21 low, rounded 
plications, six or seven of which are sUghtly raised to form a fold. The resemblance to the 
variable form called R. mainensis by Billings is external, as little is Imown of the internal char- 
acter of that species. The internal characters recall some features of the genus Pugnax and 
remove it from the genus Stenoscisma. The shells lack, however, the external expression usu- 
ally associated with Pugnax and conform superficially with Stenoscisma. 

Locality: Chapman sandstone, Edmunds Hill, Chapman Township, Aroostook County, 
Maine. 

U. S. National Museum, catalogue No. 59717. 

Oenus EATONIA HaU, 1857. 

The term Eatonia may be appUed to certain rhynchonellids of characteristic surface expres- 
sion, distinguished primarily by having the anterolateral portions of the pedicle valve concave. 
The two valves are very unequal. The brachial valve is convex ; the pedicle valve is depressed 
on the umbone, concave in front and near the middle ; sinus and fold are present and generally 
prominent. The internal features are of doubtful constancy among the diflFerent species. The 
internal features are a median septum in the brachial valve (a constant feature) and a distinct 
cardinal process which is bifurcate and rests on the short median septiun. In the pedicle 
valve there are no dental lamellsB except in Rhynchonella palurnhina Barrande and R. (Atrypa) 
magatra Barrande, and the musculature is large and deeply impressed. The margin is denticu- 
late internally. 

The shells may be easily recognized by the marginal recurvature in the pedicle valve. 
The surface sculpture is very variable, but is chiefly of three or possibly four kinds, and serves 
to divide Eatonia into three groups, as follows: 

Subdivisions of genus Eatonia,^ 
By C. L. Bbbokb. 

A. Group of Eatonia peculiaris Conrad. Surface covered with fine threadlike striationB. 

1. Eatonia peculiaris Conrad (genotype). New Scotland limestone, of the Helderbeig group, but chiefly in the 

Oriskany sandstone: New York, New Jersey, PenuBylvania, Maryland, Viiginia, and equivalent beds in 
New Brunswick, Quebec, Maine, and Ontario. 

2. Eatonia singuhris Vanuxem. Helderbeig group, horizon of the New Scotland limestone and higher: New 

York, New Jersey, and equivalent beds in Tennessee and Missouri. 

3. Eatxmia pumila Hall. Oriskany sandstone: New York and West Virginia. 

4. Eatonia peregrinus Drevermann, Palaeontographica, 1902, p. 105, pi. 12, figs. 17-19. Lower Coblenzian gray- 

wacke: Oberstadtfeld, in the Eifel, Oermany. 

1 For references to the literature and range of the American species, see Schachert, Charles, Synopsis of American fossil Brachiopoda: U. 8. 
Oeol. Surrey Bull. 87, 1897; Lower Devonic aspect of the Lower Helderberg and Oriskany formations: Oeol JSoc. America Bull., vol. 11, pp. 241^332, 
1900. 
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A^ Subgroup of EaUmia theiia (Banrande). Surface smooth, devoid of radial striationfl or ribs; resembles decorticated 
specimens of group A. 

1. Atrypa thetia Barrande, Syst. silur. Boh^me, pis. 86, 133. I^tage F^ (Konieprussian; Eo-Devonian); Konie- 

prus, Bohemia. Also recorded from Stages G^ G' (Meso-Devonian), £' (Lower Ludlow- Aymestrian; 
Silurian), and E^ (Wenlockian; Silurian). 

2. Atrypa harpya Banande, idem, pi. 88. :^tage £' (Lower Ludlow- Aymestrian; Silurian): Dlaua-Hora, 

Bohemia. 

3. Atrypa magsera Bairandei idem, pi. 86. ;£tage £' (Lower Ludlow-Aymestrian; Silurian): Dlaua-Hora 

and Hinter Kopanina, Bohemia. 

B. Group of Eatonia medialU Vanuxem. Surface covered with broad plications. 

1. Eatonia medialia Vanuxem. Coeymans limestone to Onondaga ("Comiferous") limestone, chiefly horizon 

of New Scotland limestone: Canada, New York, New Jersey, Pennsylvania, Maryland, and Maine. 

2. Eatonia eminens Hall. New Scotland limestone, of the Helderbeig group, and equivalent beds: New York 

and Tennessee. 

3. Eatonia whitfieldi Hall. Oriskany sandstone: Maryland. 

4. Eatonia sinuata Hall. Oriskany sandstone: Maryland. 

5. Rhynchonella eucharis Bairande, Syst. silur. Bohdme, pis. 26, 31. 

6. Rhyndionella palumbina Banrande, idem, pi. 113. 

7. Rhyndionella veloz Banrande, idem, pi. 33. 

8. Rhynchonella prosperina Banunde, idem, pi. 30. 

9. Rhyndionella corvina Barrande, idem, pi. 29. 

10. Atrypa nuUercula Barrande, idem, pis. 34, 113, 135. 

11. Atrypa alecto Barrande, idem, pi. 34. 

12. Atrypaf disjuncta Banrande, idem, pi. 35. 

Nos. 5-12 from ^tage F^ (Konieprussian; £o-Devonian): Koniepnis, Bohemia. 

13. Rhynchonella nympha Barrande, idem, pis. 29, 93, 122. Same formation and locality; also recoided from 

6tages £' to G*, inclusive. 

15. Rhynchonella famula Barrande, idem, pi. 35. £tage £': Bohemia. 

14. Rhynchonella mineroa Barrande, idem, pi. 32. £tage £^ (Lower Ludlow-Aymestrian): Dlaua-Hora, Bohemia. 

16. Rhynchonella famula var. modica Barrande, idem, pis. 35, 140. Etage £', Bohemia. 

17. Rhynchonella coronata Kayser, Deutsch. geol. GeselL, 1871, p. 512, pi. 9, fig. 5. Crinoid beds of the Eifelian 

(Meso-Devonian): Prum, in the Eifel, Germany. 

?18. Rhynchonella gainesi Nettelroth. Je£ferBonville (^'Comiferous") limestone and Sellersbuig limestone (of 
Hamilton age) : Kentucky and Indiana. This species seems to have a median septum and an Eatonia-like 
convexity. . If the Konieprussian Rhynchonella prxcox of Barrande (op. cit. pi. 29) possesses a septum, it 
too may be placed in this group. Both species resemble Pugnax superficially. In fact, a median septum 
is known to be developed in Pugnax pugnus from Ithaca, N. Y., and therefore it may be necessary to 
remove that species from Pugnax and place it elsewhere, perhaps in Eatonia. 

?19. Rhynchonella rudis Hall. New Scotland limestone, of Helderbeig group: New York. 
20. Rhynchonella planioonvexa Hall. New Scotland limestone, of Helderberg group: New York. 

C. Group of Rhynchonella henrici Barrande. Surface covered with a large number of narrow, low riblets, somewhat 

as in Wilsonia and Uncinulus. 

1. Eatonia coulteri Miller and Gurley. Beds of Oriskany age: Illinois. 

2. Rhynchonella obgolescens Barrande, op. cit., pi. 113. £tage F': Konieprus, Bohemia. 

3. Rhynchonella henrici Barrande, idem, pis. 25, 37, 130, 131. £tage F^: Konieprus and Mnienian, Bohemia. 

Taunusian and Lower Coblenzian: Germany and Belgium. 

4. Rhynchonella henrici var. velletosa Barrande, idem, pb. 130, 131. 

5. Rhynchonella henrici var. excavata Banrande, idem. 

6. Rhynchonella henrici var. laminans Barrande, idem. 

7. Rhynchonella Jienrid var. exdaa Barrande, idem. 

8. Rhynchonella henrici var. extenuata Barrande, idem. 

Nos. 4 to 8 from 4tage F^, Konieprus and Mnienian, Bohemia. 

To group C may probably be added the following: 

Eatonia ei/eliensis Drevermann, op. cit. Lower Coblenzian: Eifel district, Germany. 

Rhynchonella aanctamichaeliSf Kayser, op. cit. Hauptquarzit: Germany. 

Rhynchonella pila Schnur, Palaeontographica, vol. 3, 1853, pi. 26, fig. 1. Eifelian (Meso-Devonian): Germany. 

Rhynchonella primipilaris Schlotheim; see Schnur, idem, fig. 3. Eifelian: Germany, Belgium, France, Great Britain. 

The species named below, previously referred to Eatonia by authors, do not belong to the 
genus. 

Eatonia variabilis Whiteaves, Contributions to Canadian Paleontology, vol. 1, p. 233, pi. 29, figs. 6-9. Late Meso- 
Devonian: Hay River, Canada. 
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Eatonia ffoodUmderiM Kindle and Breger, Indiana Dept. Geol. and Nat. Res. Twenty-eighth Ann. Rept., 1904, p. 439, 
pi. 8, figs. 10-12. £o-Silurian: Goodland, Ind. (A species of Mimulus.) 

Atrypa assula Barrande is regarded by Schuchert ^ as a probable equivalent of Eatonia 
peculiaris. Neither Barrande's nor Whiteaves's species is rhynchonelloid. 

Eatonia sinqularis (Vanuxem). 

Plate VI, figures 8, 18. 

1842. Atrypa singiUaria. Vanuxem, Geology of New York, Rept. third district, p. 120, fig. 3. 

Catakill shaly limestone: Third district, New York. 
1859. Eatonia tmguUxrii, Hall, Paleontology of New York, vol. 3, p. 243, pi. 38, figs. 14-20. 

Shaly limestone of the Lower Helderberg group: Helderberg Mountains, Schoharie, Carlisle, Hudson, Catakill, 
and other places in New York. 
1876. Eatonia singularis. Barrett, Lyceum Nat. Hist. New York City Annals, vol. 11, p. 295. 

Delthyris shaly limestone: Bennett's quarry. Port Jervis, N. Y. 
1882. Eatonia singularia. I. C. White, Pennsylvania Second Greol. Survey Rept. G6, p. 134. 

Stormville limestone: Pike County, Pa. 
1882. Eakmia singtUaria. Stevenson, Pennsylvania Second Geol. Survey Rept. 12, pp. 104, 134. 

Basal Orlskany: Near Hyndman, Bedford County, Pa. 

Lower Helderberg chert beds: Up Beaverdam Run read on Pine Ridge in King Township, Bedford County, Pa. 
1889. Eatonia dngidaris. Lesley, Dictionary of fossils, Pennsylvania Second Geol. Survey Rept. P4, vol. 1, p. 213, figs. 

Lower Helderberg chert beos: Perry County, Pa. 
1893. Eatonia nngularis. Hall and Clarke, Paleontology of New York, vol. 8, pt. 2, p. 206, pi. 61, figs. 13-16. 

Lower Helderberg group (shaly limestone): Albany County, N. Y. 
1897. Eatonia ringviaris, Schuchert, U. S. Geol. Survey Bull. 87, p. 220. 

Lower Helderberg: Schoharie, N. Y. 
1900. Eatonia tinguUxris. Schuchert, Geol. Soc. America Bull., vol. 11, p. 284. 

Lower Helderberg: Maryland and Virginia; Tennessee; New York; Gaspe, Quebec; and Nova Scotia. 

New Scotland beds: New York. 
1901.' Eatonia singvJaris. Prosser, New York State Geologist Eighteenth Ann. Rept., p. 58. 

New Scotland shaly limestone: Altamont, N. Y. 
1903. Eatonia nngularis. Schuchert, U. S. Nat. Mus. Proc., vol. 26, p. 422. 

New Scotland limestone: Twenty-first Bridge, Baltimore & Ohio Railroad, near Eeyser, Mineral County, W. Va. 

Lower New Scotland cherty limestone: Western Maryland. 
1903. Eatonia singulariB, Weller, New Jersey Geol. Survey, Paleontology, vol. 3, pp. 89, 311, pi. 36, figs. 24-27. 

New Scotland cherty limestone and higher shaly beds: One-half mile below Hainesville, N. J. 
1903. Eatonia singuUvris, Van Ingen and Clark, New York State Mus. Bull. 69, pp. 1203, 1207. 

Oriskany (sandy and cherty beds): Glenerie, N. Y. 
1905. Eatonia singularia. Shimer, New York State Mus. Bull. 80. 

Lower New Scotland shales: Trilobite Mountain, N. Y. (pp. 222, 223, 224, 245, 264). 

Port Ewen (arenaceous limestone): Trilobite Mountain, N. Y. (pp. 134, 234, 245, 264). 

A single specimen from the Chapman sandstone of Edmunds Hill agrees in essential par- 
ticulars with the typical forms of the species from New York. The specimen has both valves 
in conjunction and is partly exfoliated. Outline cordate; umbones broadly obtuse, margins 
evenly rounded, slightly insinuate in front; length less than the width, greatest width at 
anterior third. Length, 18 millimeters; width, 21 millimeters; depth, 12 millimeters. Pedicle 
valve depressed convex over the umbo; in the middle and anteriorly the surface is concave 
from the margin inward. A deep, broad sinus begins at or near the middle, becomes more 
and more prominent anteriorly, and produces on the front margin a lingual extension which 
is at nearly right angles with the plane of the margin. The sinus is deeply but not abruptly 
excavated; its margin is indefinite. On the interior of the pedicle valve the musculature is 
strongly pronounced ; the cicatrix is deeply excavated in the shell posteriorly, while anteriorly 
it seems to be a little elevated; it is rather donga tely oval in outUne and extends about half 
the length. Dental and delthyrial structure not observed. The brachial valve is strongly 
convex, the greatest elevation of the general surface being at the anterior third. Posteriorly 
the surface declines toward the beak. A fold is feebly developed near the beak but near the 
middle becomes more pronounced and is very highly elevated near the front margin. In the 
present specimen the lateral margins are closed, but the shell is gaping in front between the 

1 Geol. Soc. America Bull., vol. 11, p. 264, 1900. 
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front edge of the fold and that of the sinus. This gaping may be due to fracture. On the 
interior of the brachial valve a broad septum was observed. Its detailed structure is not 
apparent. The surface is marked by fine, even radial lines, which are low, rounded, and 
closely set. There are four hues in the space of 1 millimeter. They cover both fold and sinus 
and in front of the sinus two of them become thickened. On the fold there is a sunken area 
near the front edge bounded by two riblets, one on each side. The ornamentation does not 
show very distinctly in the figures on Plate VI. 

LocaUty: Chapman sandstone, west side of Edmimds HiD, Chapman Township, Aroostook 
County, Maine. 

U. S. National Museum, catalogue No. 59718. 

Comparisons, — Eaionia singularis differs from E, peculiaris in having the fold on the 
brachial valve extending to the umbo; in the latter it does not extend back of the middle. 
In the Maine specimen the fold extends apparently to the umbo, but is obsolescent posteriorly. 
The outline is broadly cordate, as in typical E. singularisj while in typical E. peculiaris the 
outline is more elongate and the shell is proportionally narrower, though this is not a persistent 
distinction. 

Straiiffraphic value of Eaionia, — ^The genus Eatonia in the North American faunas attains a 
profuse development in the Helderberg and Oriskany, both in species and in individuals, and 
in plasticity of each of the species. In Europe Eatonia attains its greatest development in 
species and individuals in beds referred by most authors to the Lower and Middle Devonian. 
The time range of the genus Eatonia is from late Silurian to Middle Devonian. 

In the American faunas typical Eatonias were for a long time unknown above the Oris- 
kany, but the genus is by no means rare in the ^'Comiferous'' of Illinois.* This occurrence in 
Illinois is interesting in connection with the fact that from the beds of Oriskany age in lUinois 
there has been described Eaionia coulteri of Miller and Gurley, the only known North American 
equivalent of the European group of E, henrid (Barrande), which is widespread in the 
Taunusian and Lower Coblenzian. This occurrence of European types in the Mississippi Valley 
in the Lower Devonian and their absence in New York recall a similar contrast shown by the 
Middle and Upper Devonian faunas of Manitoba, where Stringocephalus burtuni and other species 
occur, respectively, with their European associates, these species being either unknown or very 
rare in New York and other parts of eastern America. 

The extension of Eatonia stratigraphically downward into the typical Silurian is shown in 
the Moydart formation of Arisaig, Nova Scotia,' and in the Silurian of the Baltic Province, on 
the island of Gotland, where two species are reported by Lindstrom.' 

In regard to the stratigraphic position of the Konieprus group, or 6tage F^ of the Bohemian 
series, in which Eatonia is prominent, much has been written, particularly concerning its relation 
to the Helderberg of North America. Schuchert has suggested the * ^similarity " of many species 
of the Konieprussian with American Helderbergian fossils. The Konieprus beds, are now 
generally correlated with the Lower Devonian of Europe and North America. The fact that the 
6tage F' of Barrande is not homogeneous has been recognized by many geologists, but seems 
to have been passed over with no further attention. The upper part of the Konieprus group 
contains many brachiopods and other fossils along with goniatites, which give to it the aspect 
of a fauna near the American Onondaga (^'Comiferous") or even the Marcellus. £tage F*, 
the TentacuUte limestone, with the dominant Spirifer inchoans Barrande, underUes the Konie- 
prus group. Its fauna resembles that of the American ManUus (*' TentacuUte") limestone 
with Spirifer vanuxemi Hall. The Konieprus limestones of 6tage F^ are known to bridge several 
time, stratigraphic, and f aunal gaps, including several successive coral-reef horizons, and it is 
becoming apparent that some of the fossils formerly supposed to represent approximately the 
same horizon may belong to several different successive faunas, which in the American succes- 
sion range from the Helderberg through part, at least, of the Onondaga or ''Comiferous'' and 

i Weller, Stuart, Jour. Geology, vol. 5, p. 627, 1897. 

« Am. Jour. Sci., 4th ser., vol. 28, p. 162, 1909. 

« LindstrOm, O., Ueber die Schichtenfolge der SUur auf der Insel (iotlkuid: Neues Jahrb., 1888, vol. 1, pp. 147-164. 



MOLLUSCOIDBA. 71 

possibly to the Marcellus. Bohemian species of 6tage F* and closely related species which 
have been recognized in Europe outside of Bohemia occur chiefly in the Lower Coblenzian 
and the Taunusian. 

Genus BEAGHIA Hall and Clarke, 1893. 

Beaghia chafmani sp. nov. 

Plate XXV, figure 27. 

A laige specimen of a brachial valve of a distinctly rensselaeroid type is referred to the 
genus Beachia, chiefly because of its close resemblance in outer form to full-grown specimens 
of Beachia suessana, although it is evidently distinct from that species. The form is elongate 
ovoid, widest behind, with a broad, nearly straight posterior mai^in. The specimen is 40 
millimeters long, 37 millimeters wide (the greatest width is at two-fifths the distance from 
beak to front), and 5 millimeters high (at one-fourth the distance from beak to front). The 
shell is broad shouldered, the lateral mai^ins convei^ing, convex throughout, and marked by 
fine radial Unes which extend nearly to the beak on the sculpture cast.* 

This shell has the outline and convexity of Beachia suessaruij but the radial surface lines 
are finer and more persistent than in that species. The specimen is also larger than typical 
specimens of Beachia amplexa Clarke and Megalanteris thunii Clarke, from Grande Greve and 
Perce Rock; in the large size it is particularly comparable with the latter species. The Chap- 
man specimen, however, has finer. radial surface markings and the mid part of the shell is more 
strongly produced anteriorly. The difference between the genera Beachia Hall and Mega- 
lanteris Oehlert is based on details of the structure of the brachidium,' and although specific 
differences may be defined, it is difficult to determine, in the absence of the evidence of internal 
characters, to which of these two genera particular specimens may properly be assigned. Clarke 
emphasizes these difficulties in discussing his species Beachia amplexa in the monograph on the 
early Devonian history of New York and eastern North America. 

LocaUty: Chapman sandstone, Edmunds Hill, Chapman Township, Aroostook County, 
Maine. 

U. S. National Museum, catalogue No. 59719. 

Genua MBGAIaANTEBIS Oehlert, 1887. 

Megalanteris? sp. • 

Plate VI, figure 15; Plate VII, figure 15. 

Two small, smooth pedicle valves of slight convexity and very obtuse umbones express in 
their outline and surface curvature a general likeness to the form of MegaUnUeris ovalis. Out- 
line rounded, oval, or suboval; slightly wider than long. Posterior margin subtending an 
angle of 145® or more, abruptly inflected to the hinge, producing a narrow pseudo-area; greatest 
width near the middle or somewhat posterior. Outline compares closely with Megalanteris 
ovalis. Shells convex, not inflated; greatest elevation at posterior third or fourth equals one- 
sixth to one-seventh the length. On the interior two short, nearly parallel dental lamellae; 
musculature not impressed in the valve; vascular markings radial, not flexuous, nor evidently 
branching, apparent in front of the region where the musculature is presumed to be. The 
internal molds are entirely devoid of traces of surface ornamentation, but the specimens indi- 
cate a smooth shell of the Cryptonella-Menstella surface expression. The present specimens 
differ from the Meristellas in having the umbone very obtuse, in their depressed convexity, 
in their absence of fold or sinus, and in their lack of any impressions of the musculature on 
internal molds. 

Locality: Chapman sandstone, west side of Edmunds Hill, Chapman Township, Aroostook 
County, Maine. 

U. S. National Museum, catalogue No. 59720. 

1 The term "sculpture cast" Is used to designate an internal mold which shows surface markings. Sculpture casts, showing characters of both 
the interior and the exterior of the shell are produced when the shell is dissolved out in the rock, leaving at first two distinct impressianSy the intwnal 
mold and the external mold; by the tectonic compression of the rock these two impreasiaos are squeesed against and modiiy each other. 

s New York State Mus. Mem. 9, p. 166, 1908. 
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GenuB BEN8SBLAEBIA Hall, 1859. 

Rensselaeria mainensis Williams. 

Plate VI, figure 11; Plate XI, figuree 1-15. 

1900. Rensselaeria jnainensis. Williams, U. S. Geol. Survey Bull. 165, pp. 79, 80. 

Chapman sandstone (Eo-Devonian): Preeque Isle Stream, Edmunds HiU, and Mars Hill (localities 1099 A, B, C), 
Chapman, Aroostook County, Maine. 
1907 (April). Rensselaeria mainensis. Williams, U. S. Nat. Mus. Proc., vol. 32, pp. 267-269, 2 figs. 

Chapman sandstone (£o-Devonian): Preeque Isle Stream, etc., Maine. 
1907 (May). Rensselaeria ailantiea. Clarke, New York State Mus. Bull. 107, pp. 243-247, figs. 

Presque Isle Stream and Edmunds Hill, Chapman, Aroostook County, Maine. 

Shells rensselaeroid, of medium to large size; biconvex, the pedicle valve more convex 
than the brachial; surface multicostate; beak elevated in the pedicle valve, showing the well- 
developed cardinal area. Pedicle valve elongate ovate; greatest width at the shoulders, pos- 
terior to the middle. Length a trifle greater than the width, generally in the proportion 9 : 8 
but varying from 12 : 11 to 6 : 5, except in some specimens, probably fractured and incom- 
plete in front, in which the width is a httle greater than the length. The beak is pointed, 
strongly incurved, and elevated but not curving over nor appressed against the brachial valve. 
The posterior margin is obtusely angular, inclosing an angle of 115® to 140®. The posterior 
edge of the shell extends in a straight line from the beak for some distance till it curves into the 
broad, rounded shoulders. The lateral margins are curved near the shoulders and are sub- 
parallel, so that the greatest width of the shell is indefinitely posterior to the middle — ^in some 
specimens just back of the middle, in others one-fourth the distance from beak to front. Below 
the shoulders the lateral margins converge more or less rapidly and merge into the front margin, 
which is strongly curved paraboUcally and not demarcable from the lateral margins. 

The pedicle valve is gibbous throughout. The longitudinal profile is unsymmetrical; the 
maximum height is from one-fifth to nearly two-fifths the length from the beak and is equal to 
about one-third the length of the shell. 

The umbo is tumid and the beak strongly incurvdd. From the umbo the surface slopes 
down to the sides rather flatly, giving the shell a subcarinate appearance in transverse section. 
In front the slope is more rounded. 

A large pedicle valve has a length of more than 40 milhmeters (length in this shell is measured 
in a straight line from the tip of the beak to the front of the margin), but the common length 
at Presque Isle Stream, where the species is most abundant and varied, is from 24 to 32 milh- 
meters. The smallest specimen seen had a length of 10 milhmeters. The width similarly 
varies from 9 to 43 milhmeters; the typical specimens have a width of 26 to 31 milhmeters. 

The cardinal irea is, for a rensselaeroid, unusually well developed. It is triangular, large, 
and extends very nearly the whole width of the shell, producing a wide, straight hinge line, 
the height of which is one-sixth to one-third as great as the width. The general plane of the 
cardinal area is at an angle of approximately 180® to the plane of the margin; rarely a few 
degrees more, more commonly a few degrees less. The area is, however, rarely plane but is 
more commonly curved or arched, especially just under the beak, and is strongly striate hori- 
zontally. The delthyrium is large and triangular, the sides including an angle of about 60® or, 
rarely, a httle more, with sides commonly shghtly curved, the convex sides of the curves facing 
each other. The delthyrium is open, as can be seen in a couple of specimens at hand and as is 
further indicated by the fact that the sand filling of the internal mold is always continuous 
through the delthyrium with the external rock matrix, which it could not have been if any 
deltidiimi intervened between the interior of the shell and the exterior. No true deltidial 
plates have been observed, but structures simulating them seem to be produced by the pro- 
trusion outward through the delthyrium of the callous deposition, in the senile stage, of shelly 
matter on the interior. 

The pedicle valve is extraordinarily thickened on the interior by a ponderous deposit of 
prismatic calcareous material in the region of the umbones. The prisms are well developed 
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and normal to the surface. In the larger shells, about 35 millimeters long, this deposit is 6 
millimeters in thickness. In most specimens of adult size, also, the umbonal portion of the shell 
is greatly thickened, particularly in the umbonal lateral slopes, but to a less degree than in the 
large adu^t shell. On the interior of the larger pedicle valves there was apparently no cavity 
in front of the cardinal area; all this space appears to have been fiUed to the hinge line by cal- 
careous shell substance, so that internal molds and sculpture casts do not show any indication 
of cardinal area. The front of the shell is rather thin and is marked by pronoxmced radial 
pUcations. Dental lamellsB support the teeth. These lamellae are parallel and very short, 
reaching only to the posterior margin of the diductor scar. They are fairly prominent and 
sharply elevated in shells in which there is Uttle shelly deposition about the imibo; but in the 
larger, greatly thickened shells the cavity on the outer side of the dental lamellae is entirely 
filled in, so that the lamelhe hardly project above the base of the shell and, in internal molds, 
do not leave the characteristic incision. In such clean internal molds of thickened pedicle 
valves traces of the dental lamellse may be seen as curved blunt incisions surrounding the pedide 
and visceral ( ?) cavity back of the muscular scars. In these old sheUs, also, the muscular scars 
and pedicle cavity occupied deep excavations, showing, in internal molds, as prominently ele- 
vated tracts, the lateral boundaries of which are the inside edges of the old dental lamellas. 
The muscular scars are distinct in the pedicle valves of shells where there has been no thick- 
ening deposition; in the larger and thicker shells they are very prominent and give a character- 
istic appearance to the fossil. The diductor cicatrix is elongate, about twice as long as wide, 
and extends nearly to the middle of the valve — that is, to the mid length along the periphery, 
not in a straight Une from the front margin to the tip of the beak. The sides are distinct and 
in unthickened shells are marked by a faint elevated Une which is the continuation of the dental 
lameUse. In the thickened sheUs the musculature is very deeply excavated and produces, in 
internal molds, an elongate, elevated tonguelike ridge. Anteriorly the muscular scars become 
obsolescent. The adductor scar is rarely discernible but is very elongate, spindle shaped, and 
not divided. It begins in front of a narrow spearhead-Uke median ridge which divides the pos- 
terior portion of the diductor scar in two. Posteriorly, the diductor scar ends about halfway 
between its front margin and the tip of the beak; and the umbonal portion of the shell is marked 
by a deep trihedral pedicle cavity. This large pedicle cavity is bounded on the side by the 
dental lamellae; as has been indicated, the dental lamellae end above and do not reach the 
diductor scar. 

The brachial valve is convex throughout, including the shoulders, but less convex than the 
pedicle valve. In outline it is rounded trigonal to subcircular; the width is equal to or shghtly 
greater than the length, greatest width posterior. Hinge line straight; posterior margin varies 
from nearly horizontal to very obtusely angular and curves into the broad, rounded shoulders; 
lateral and front margins curved into a semicircle. The longitudinal profile is an unsymmet- 
rical curve deepest at one-third the distance from the hinge and in uncrushed specimens equal 
to two-ninths to one-third the length of the valve. The umbonal portion is tumid and includes 
about a quarter of a circle. The slope for the anterior two-thirds is low convex. The trans- 
verse profile is rounded or sUghtly subcarinate. 

The dimensions, in millimeters, of some of the specimens are as follows: 

Length 27 

Width 27.5 

The dental sockets are obscure. The crural bases are narrow and cylindrical and rest on 
and merge into the cardinal process. The cardinal process is massive and has a convexly 
roimded, broad, platform-hke surface for attachment of the diductor muscles. This attaching 
surface is obscurely bilobed, though there is commonly no sharp distinction of divisions. 
Beneath this bilobed cardinal process, and forming a base for it, are two broad calluses separated 
by a strong median groove, which is continued as a tubular tunnel under the cardinal process. 
It is probable also that the two calluses may have been connected and united above by a 
platform-like bridge, forming an undivided hinge platform under the median portion of which 
extended the visceral canal or tunnel. This tunnel is preserved in a few internal molds as a 
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sandy connecting dissepiment extending from a point behind the muscular scars to the tip of 
the beak; underneath (in molds) is a broad, deep cavity left by the dissolving away of the 
calluses and massive cardinal process. This sandy dissepiment is marked by a groove indicating 
a continuation of the dorsal median septum. The hinge platform consists, therefore, of two 
thick, broad calluses supporting a massive cardinal process which is indistinctly bilobed. 
Between the calluses there is a deep groove which extends as a tunnel under the cardinal 
process and which may possibly be canopied by a platform uniting the two calluses. 

The musculature of the brachial valve is characteristic. The two adductors are distinct 
and in older shells become conspicuous. They are elongate-oval or subreniform, extend from the 
base of the calluses to about the middle of the shell, and together inclose a subcircular area. 
Posteriorly the two adductors are broadly separated by a strong ridge which in good specimens 
is seen to be tripartite. This ridge, which is an elevated continuation of the visceral canal 
between the calluses, is about one-fourth or one-third the width of the musculature, but does 
not extend more than half its length. The median division of this ridge is an elevated, very fine, 
sharp line (a thin median septum) and is continued into the visceral canal to the tip of the beak. 
In some well-preserved specimens the median line or septum extends three-fifths the length of 
the shell; in other specimens it ends near the middle of the musculature and in front of the 
middle the two adductor scars are separated by a sharp impressed groove instead of by the 
elevated line. The posterior margin of the adductors is conspicuous by the abrupt beginning of 
the calluses of the hinge plate. The scars are here broadly separated by the thick median ridge. 
Anteriorly the mai^in of the musculature is obscure and the scars closely approach each other. 
In most well-preserved old specimens the scars are distinctly wrinkled transversely, and in two 
specimens about 16 strong transverse wrinkles were present. 

The shell structure is strongly fibrous, the fibers extending forward from the outer surface to 
the inner at a very obhque angle. In the thickened umbone of the pedicle valve the fibers are 
sometimes nearly normal to the surface and are segregated into coarse prisms, which are 
transversely striate. No punctse have been observed under a hand glass magnifying more than 
4 diameters, and if they exist at aU in these early terebratulid shells they must be extremely 
minute. The shells may be recognized by their multicostate ornamentation. The ribs in 
mature specimens vary from 48 to 75 in nimiber, but are most commonly between 60 and 65. 
On the surface they are well rounded, separated by narrower furrows and very prominent from 
beak to front. On internal molds the impressions of the ribs are well preserved forward and 
laterally but obsolescent in the muscular areas and posterior third of the sheUs; on these internal 
molds the ribs are strongly elevated and rounded, and the interspaces are a httle wider than on 
the surface. The ribs are generally simple, but in a few specimens they increase by bifurcation. 
No indication of concentric lines has been observed and only occasional varices of growth. In 
very young shells, from 6 to 10 millimeters in length, the number of ribs is between 19 and 34, 
and the ribs are as strongly marked, relatively, as in adults. The nxmiber of ribs increases to the 
larger number present in older shells chiefly by the addition of new costee on the lateral margins, 
rarely by bifurcation of one or two ribs. 

LocaUty: Chapman sandstone at Edmunds HiU, Presque Isle Stream, and 2} miles west of 
Presque Isle Stream, Chapman Township, Aroostook Coimty, Maine. 

U. S. National Museum, catalogue Nos. 59721 to 59726. 

Comparisons. — ^The species may be distinguished from the common American Rensselaerias 
by its strong pUcations, cardinal area, elevated beak, and open deHliyrium. Among American 
species Lissopleura equivalviSj^ from the Helderberg group (Coeymans and New Scotland lime- 
stones) of New York, is superficially very similar. That species, however, has an acute umbone; 
its greatest width is in front of the middle; its brachial median septum is much stronger; it has 
strong, fine concentric markings; its radial ribs are flatter topped; and it never attains the size 
of mature specimens of Rensselaeria mainensis. Internally the sheUs are quite different. Some 

1 Rhynchonella eqtUvalvit Hall, 1857; see Paleontology of New York, vol. 3, p. 224, pi. 29, figs. 2^, 1859. Also LitsopUura equivalvit Whitfield, 
Am. Mus. Nat. Hist., Bull., vol. 8, p. 232, figs. 1^, 1896. 
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rather small specimens of exteriors of the Maine species might be mistaken for lAssopleura 
equivdlvis, but the two species are distinct internally. Very small specimens of R. mainensia 
might also be mistaken for R. mutaMliSf for they have the same outline and the same number of 
ribs, but the ribs in the Maine Rensselaeria are muoh stronger than in R. mviahUis and the 
longitudinal profile is different. 

Among European shells TerehrcUula strigiceps Roemer {^^Rensadaeria atrvngicepa auct.), 
from the Lower Devonian, presents the nearest approach in superficial character to R. mainensis. 
It seems, however, that this name has been given by different writers to very different shells. 
The English shell, so called by Davidson,^ resembles a pentamerid of the Conchidium group, 
and the Upper Devonian species from Asia identified by Huddleston ^ with Roomer's species, is 
an entirely distinct shell of imcertain affinities. 

The Maine species may be distinguished from the typical German form of R. stringiceps ' by 
the elevated beak, exposing the characteristic cardinal area, the weaker septum in the brachial 
valve, the broader, less elongate outline with the greatest width posteriorly, and the larger 
nxmiber of ribs (40-44 in the European fossil). R. stringiceps is regarded by Schuchert * as a 
pentamerid. 

Rensselaeria mainensis also resembles Megalanteris C' Beachia^^) ovalis in internal featiire, 
although exteriorly the two are decidedly distinct. There is a remarkable identity in the 
character of the muscular imprint and the hinge plate. Internal molds of R. mainensis show at 
the beak of the brachial valve two widely separated deep circular holes (imprints of the crural 
bases) and the massive cardinal process extending up into the pedicle valve musculature, 
almost exactly as in specimens of Megalanteris ovalis. The musculature is ako very similar in 
size, outline, markings, strength of impression, and septal characters, and the calluses and 
hinge plate are also similar. Although the brachidium is unknown, the present shell may be 
safely regarded as terebratuhd, but whether it has the simple Centronella-Rensselaeria loop of 
"Beachia" or the more complex loop supposed to characterize Megalanteris can not be stated. 

It is a remarkable fact that though truly terebratulid shells are almost without exception 
punctate — sometimes so strongly so that the punctae are almost visible to the naked eye, as 
in Cryptonella — ^no indications of punctaB have been observed in the present shells under a 
strong hand magnifying glass. ScapTdoccelia holiviensis Whitfield, a large plicated shell with 
some affinities to R. rnainensis but with concave brachial valve, is likewise strongly fibrous, no 
punctse having been observed under a hand magnifying glass. The same is true of the Helder- 
berg Lissopleura equivalvis and Rensselaeria mviaJnlis. It is possible that punctae may exist 
in these sheUs, but if so they are extremely minute. Among the more recent TerebratulidsB the 
coarsest punctae are one four-hundredth of an inch in diameter (in the Cretaceous Megerlia lima) 
and the finest are one two-thousandth of an inch in diameter (Terebraiula huUata, Jurassic).^ 
Pimctae of the latter size, especially if scattered, would not, it is believed, be visible imder the 
ordinary hand magnifying glass. That some of the early pUcate terebratuhds were punctate is 
certain, for punctae have been observed by Oehlert in his Eo-Devonian CentroneUa bergeroniy^ 
and Rensselaeria ovoides from the Oriskany is also pimctate. Hall and Clarke regard the entire 
genus Rensselaeria as punctate. 

1 Remselaeria ttringktpt var.? Davidson, British Devonian Brachiqpoda, p. 10, pi. 4, figs. 5, 6, 7, 1864; Middle (?) Devonian, Hagglnton HaU 
near Uftacombe, England. 

s McMahon, C. A., and Huddleston, W. H., Fossils from the Hindu Ehoosh, pt. 2, Paleontology: Oeol. Mag., decade 4, vol. 9, No. 2, p. 56, pi. 3, 
fig. 9, 1902. 

s Kayser, Emanuel, Lehrbuch der geologisohen Formationskunde, p. 100, fig. 3, 1891. This Is the usual figure of this species appearing in the 
teirt books. The Sandbergers, in their work on the fossils of the Rhenish series in Nassau, figure the internal molds (pi. 33, figs. 14, 14a). Their 
fllgure 14a ^rees well with Benaaelaeria maijieruis, but their figure 14 shows the distlnctoess of the Qerman species. 

* Oeol. Soc. America Bull., vol. 11, p. 258, 1900. More recently (in his paper on the Brazilian Devonian, Jour. Qeology, vol. 14, pp. 722-746, 
1906) Schuchert remarks of ReTuaelaeria (?) cnuticosta: " These shells look more like Plethorhyncha tpeciosa." 

> Carpenter, William, On the ultimate structure of the shells of Brachlopoda, in Davidson, Thomas, British fossil Brachiopoda, Introductioo, 
p. 28, pis. 5, 6, etc., 1853. 

• Soc. i^tudes sci. d'Angers Bull., separate, p. 1, fig. 9, 1885. 
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Family TEREBRATUUDiG Gray. 
SnbfamUy TEREBRATULINiG DaU. 

Genus ETTNELLA Hall and Clarke. 

EuNELLA ELLSi (Clarke). 

Plate VI, figure 23. 

1907. CrypUmella (?) ell^. Claxke, New York State Mua. Bull. 107, p. 237, figs. 
Lower Devonic: Grande Greve, Quebec. 

The specimen shows a narrow lunbonal region, the posterior margins diverging from the 
beak at an angle slightly less than 60®, continuing thus for about four-sevenths the length of 
the shell, then curving rather abruptly into the anterior margin, which includes a semicircular 
arc of 180°. The greatest width of the shell is anterior, between three-fifths and two-thirds the 
length of the beak. The length is 20.5 millimeters; width 14 millimeters. The longitudinal 
and transverse profiles are symmetrically arcuate; the greatest depth of the valve, 4.3 milli- 
meters (in internal mold) , is over the center. The surface is evenly rounded. The beak is very 
sUghtly recurved, marked by a fairly large circular foramen arching over a small delthyrium. 
As seen in longitudinal profile, the lateral margin of the valve is rather strongly sigmoidal. 

The solitary internal mold of the pedicle valve figured from Edmunds Hill represents a shell 
of the common smooth Terebratula or Meristella expression, which was originally placed in 
Meristella. It is probably not a Meristella, for there is no medial insinuation of the outline 
nor, more important still, are there any recognizable muscular impressions or pronoimced 
dental lamellae, such as occur in Meristella and its spire-bearing allies. The absence of mus- 
cular impressions can not be due to imperfect preservation, for the mold is clearly and per- 
fectly preserved, showing radiating vascular markmgs and the impression of what was a low, 
short, narrow median ridge or crest under the beak. The dental lamellsB are very weakly 
developed, being hardly discernible, are subparallel to the posterior margin, and do not appear 
to have been extended over the base of the valve. 

The features preserved indicate a terebratuUd having a narrow, elongate, triangular-ovate 
outline, with acute posterior margin (60° or less), somewhat like the Onondaga (''Comiferous") 
EuneUa svMvanti Hall.* The Chapman fossil differs from EuneUa siiUivarUi in having a com- 
pletely rounded, semicircular front margin, lacking the anterior truncation of Hall's Onondaga 
species. It also somewhat resembles CenlroneUa glansfagea,^ a species hitherto regarded as 
diagnostic of the Onondaga (" Comif erous ") , which occurs in the coarse Oriskany sandstone at 
Union Springs, Cayuga County, N. Y. Compared with C. glansfagea, the Chapman shell is more 
acute, having an umbonal angle of less than 60°, and the circular foramen was apparently 
larger. In these features EuneUa eUsi approaches E. suUivanti, but the well-developed sinus 
or flattening in the front margin of E. suUivanti is not developed in the Chapman species. 

Locality: Chapman sandstone, west side of Edmunds Hill, Chapman Plantation, Aroostook 
County, Maine. 

U. S. National Museum, catalogue No. 59726. 

Superfamlly SPIRIFERACEA Waagen. 

Family SPISIFERIDiC King. 
Genus CTBTINA Davidaon, 1868. 

Cyrtina rostrata (Hall). 

Plate V, figure 14. 

1841. Spirifer cuspidata. Phillipd,' Paleozoic fossils of Cornwall, Devon, etc., p. 72, pi. 29, fig. 124 B. 

Middle Devonian: Barton, South Devon. 
1857. Cyrtia rostrata. Hall, New York State Cab. Nat. Hist. Tenth Ann. Kept., p. 64. 

Oriskany sandstone: Cumberland, Md. 

1 See Hall, James, and Clarke, J. M., Paleontology of New York, vol. 8, pt. 2, pi. 80, fig. 25, 1893. 

« Idem, pi. 79, flg. 3. 

B Erroneously identified with the Carboniferous Spirifer iSyringothyris) ctupidatut Sowerby. 
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859. Cjfrtia rostmta. Hall, Paleontology of New York, vol. 3, p. 429, pi. 96, figs. 1-6; pi. 98, fig. 8. 

Oriskany sandstone: Albany County, N. Y.; Cumberland, Md. 
861. Cyrtina rostrata. Billings, Canadian Jour., vol. 6, p. 263. 

Comiferous limestone: Lot 45, Cayuga, Ontario. 

863. Cyrtia like C. rostrata. Billings and Logan, Geology of Canada, p. 428. 
Comiferous limestone: Famine Kiver, Quebec. 

864. CtfTtina heUroclita var. multicoatata. Davidson, British fossil Brachiopoda (Devonian), vol. 3, pt. 6, p. 49, pi. 9, 

figs. 11-14. 
Devonian: Barton and Lummaton, near Torquay, Devonshire. 

876. Cyrtina rostrata. Barrett, Lyceum Nat. Hist. New York City Aunals, vol. 11, p. 296. 
"Trilobite beds": Bennett's quarry, Port Jervis, N. Y. 

877. Cyrtia rostrata. Barrett, Am. Jour. Sci., 3d ser., vol. 13, p. 387. 
Trilobite beds: Bennett's quarry, Port Jervis, N. Y. 

882. Cyrtina heterodita var. multiplicata. Barrois, Soc. g^l. Nord M^m., vol. 2, p. 260, pi. 10, figs. 8 c d. 

Moniello limestone (Calceola sandalina beds): Luanco, Asturlas, Spain. 

Candas limestone (with Spirifer disjunctus): Candas, Asturias, Spain. 
885. Cyrtina demarlii (not Bouchard). Maurer, Grossherzogl. hess. geol. Landesanstalt Darmstadt Abh., vol. 1, 
Heft 2, p. 164, pi. 7, fig. 6. 

Lower Devonian Umestone: Waldgirmes, near Giessen, Germany. 
887. Cyrtina demarlii (not Bouchard). Tschemyschew, Com. g6ol. (Russe) M^m., vol. 3, No. 3, p. 80, pi. 9, fig. 1. 

Middle or Upper Devonian: Wolchow, western Urals, European Russia. 
889. Cyrtina rostrata. Schuchert, New York State Geologist Eighth Ann. Rept., p. 53. 

Oriskany: Cumberland, Md.; New York; Cayuga, Canada West. 

892. Cyrtina rostrata. Clarke, Am. Jour. Sci., 3d ser., vol.* 44, p. 414. 
Oriskany siliceous limestone: Becraft Mountain, Columbia County, N. Y. 

893. Cyrtina heteroclita var. multiplicata. Whidbome, Devonian faima of the south of England, vol. 2, pt. 3, p. 112, 
pi. 12, figs 13-13a. 

Cuboides zone: Lunmiaton and Woolborough, Devonshire, England. 
895. Cyrtina rostrata. Hall and Clarke, Paleontology of New York, vol. 8, pt. 2, pi. 25, figs. 1-8; pi. 28, ^. 6. 

Oriskany sandstone: Albany County, N. Y.; Cumberland, Md. 
897. Cyrtina rostrata. Schuchert, U. S. Geol. Survey Bull. 87, p. 199. 

Oriskany and Comiferous: Albany County, N. Y.; Cumberland, Md.; Cayuga, Ontario. 
900. Cyrtina rostrata. Schuchert, Geol. Soc. America Bull., vol. 11, pp. 304, 306, 308, 314, 324. 

"Trilobite beds": Trilobite Ridge, Port Jervis, N. Y. 

Oriskany: Becraft Mountain, N. Y.; Oneida and North Cayuga townships, Canada West; Cumberland, Md. 
900. Cyrtina varia. Clarke, New York State Mus. Mem., vol. 3, No. 3, p. 49 (pars), pi. 6, figs. 15-22. 

Oriskany siliceous limestone: Becraft Mountain, Columbia County, N. Y. 
903. Cyrtina rostrata. Schuchert, U. S. Nat. Mus. Proc., vol. 26, p. 422. 

Becraft limestone: Cherry Run, W. Va. 
903. Cyrtina rostrata. Weller, Paleontology of New Jersey, vol. 3, pp. 94, 95, 330, pi. 45, figs. 19-22. 

Dalmanites dentatus (or lowest) zone of Oriskany ("Trilobite beds"): Trilobite Ridge, Nearpass section; and 
Wallpack Ridge at Peters Valley, N. J. 
903. Cyrtina varia. Weller, idem, pp. 98, 99, 100, 355, pi. 48, figs. 13-16. 

Orbiculoidea jervensis (or middle) zone of Oriskany: Second wagon road across Wallpack Ridge, about 5 miles 
from New York State line. 

Spirifer murchisoni (or upper) zone of Oriskany: Werden farm, Nearpass section; and from three-fourths of a 
mile west of Layton, N. J. 
903. Cyrtina rostrata. Van Ingen and Clarke, New York State Mus. Bull. 69, pp. 1203, 1207. 

Oriskany siliceous limestone: Glenerie, N. Y. 
905. Cyrtina rostrata. Clarke, New York State Mus. Bull. 80, p. 145. 

Grande Greve limestones: North shore of Gaspe Bay, Quebec. 
905. Cyrtina rostrata. Shimer, idem, pp. 185, 227, 253, 263. 

Dalmanites dentatus (or lowest) zone of Oriskany: Trilobite Ridge, Orange County, N. Y. 
905. Cyrtina rostrata. Williams and Kindle, U. S. Geol. Survey Bull. 244, p. 48. 

Lewistown limestone: One-half mile north of Covington (1382A^, p. 40). 

Coarse sandstone (Oriskany): One-half mile west of Clifton Forge (1384A, p. 43); both in Alleghany County, Va. 

Width more than twice the length; outline (of brachial valve) broadly trapezoidal to tri- 
angular; greatest width at or just in front of the hinge. Pedicle valve pyramidal; cardinal 
area as high as or higher than the length of the valve, about normal to the plane of the margin, 
and very slightly arcuate, not retrorse; apex pointed. Median septum extending not more than 
halfway to the front. Phcations strongly elevated on the internal mold as well as on the sur- 
face; seven or eight each side of the middle, the end on^ rather weak. Fold and sinus prom- 
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inent; simple, not distinctly grooved or ''mesicostulate.'' Surface marked by numerous imbri- 
cating lamellae, and under a lens there may be observed in places extremely fine fiber-like 
radiating lines. 

Locality: Chapman sandstone, west side of Edmunds Hill and Presque Isle Stream, Chap- 
man Township, Aroostook County, Maine. 

U. S. National Museum, catalogue Nos. 59727, 59728. 

Comparisons. — ^The term C. rostrata Hall may be applied to a series of shells having in 
common the following characters: Form transversely elongate; surface plications strong; ribs 
rather abundant, strong, and not prominently increasing in width toward the middle; fold 
strongly elevated and sinus strongly impressed. The ribs are also prominent on the internal 
molds as well as externally in both the pedicle and the brachial valves. The transverse elonga- 
tion makes the width two or more times the length, giving the brachial valves a pennate appear- 
ance. This transverse elongation is less conspicuous in the pedicle valve than in the brachial 
valve. 

Such transversely elongated Cyrtinas with a large number of strong, narrow ribs have been 
found, without any known exception, to have the cardinal area high, slightly arcuate or plane, 
approximately normal to the margin or occasionally retrorse, but never strongly arched, and 
the umbo in the pedicle valve not gibbous. 

From C. JiamiUonensis the shells may be distinguished by the wide form and prominent 
erect area; and though both have commonly the same number of plications (six to eight, nine, 
or ten each side of the middle), C, JiamiUonensis frequently has less than six, while in C. rostrcUa 
there are never less than six and the prevailing number is about eight or nine. The plications 
are also a little stronger in C. rostrata than in C. hamiUonensis. 

In the European C. heteroclita the normal ornamentation is of the C. dahnani type, with 
ribs more or less low, increasing markedly in width toward the middle, rather few in number, 
and having the outline not transversely elongate. 

A wide, strongly plicate Cyrtina, of almost typical C. rostrata aspect, occurs in the Hamilton 
at Delphi, N. Y.,* along with normal and variant Cyrtina hamiUonensis and C TuimiUonensis var. 
recta. A couple of similar specimens have been observed in a large suite of variants of C. 
heteroclita in my collection from Gerolstein, in the Eifel. These indicate the extension of the 
rostrata type of Cyrtina into the Meso-Devonian in New York and in the Eifel as well as in 
Devonshire, Spain, and Russia. The Eiu'opean Meso-Devonian and Neo-Devonian forms from 
the Eifelian of Torquay and from the Cuboides zone at Lummaton, are conmionly known as 
Cyrtina heteroclita var. mvltiplicaia Davidson. The retrorse cardinal area is a conspicuous 
feature in some British specimens, but is also occasionally present in C rostrata in the Oriskany 
of Maryland and apparently in one of the Gerolstein specimens. The area is not retrorse in the 
Chapman forms. 

The Cyrtina varia of Clarke has the form of C. rostrata j but the name may be used in varietal 
rank and applied to those specimens in which there is a median groove extending along the fold 
of the brachial valve, and a narrow rib or flattening in the bottom of the sinus in the pedicle 
valve. Such '^mesicostulate'^ forms of C. rostrata have not been observed or recorded above 
the Oriskany, although one Gerolstein specimen shows (only, however, at the extreme front 
margin) a little groove in the fold. The variety varia Clarke bears a relation to C rostrata 
similar to that of var. demarlii Bouchard * to 0, heteroclita. 

In large lots of C. hamiUonensis and C. heteroclita may be found occasional specimens of 
the C, rostrata type with the rather large number of strong ribs and the outline transversely 
elongate. Such specimens, whether from the Oriskany of Maryland, the Hamilton of New 
York, the Stringocephalus zone of the Eifel, or the Cuboides zone of Devonshire, have the 
cardinal area high, erect, rarely retrorse, and never strongly overhanging. 

1 CoUections of Cornell University Museum; No. 1457 on specimens, No. 1454 on labels. 

* See Davidson, Thomas, British Devonian Brachiopoda, p. 50, pi. 9, figs. 15-17, 1864. Whidbome, O. F., Devonian fauna of the South of 
England, voL 2, pt. 3, p. 113, pi. 12, tig. 10, 1893. 
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In the Helderberg, Oriskany, and Onondaga (^'Comiferous") faunas C. rostrata maintains 
a characteristic form, distinct from the other Cyrtinas occurring in the same formations, thus 
justifying the use of a separate name of specific rank for the specimens of this type in this series 
of rocks. In these formations C. rostrata is an important and in the Oriskany by far the domi- 
nant type of Cyrtina, and the common variants are variants from the C, rostrata type. Some 
paleontologists would unite C. rostrata and C. JiamiUoTiensiSy because in the Middle Devonian C, 
rostrata occurs as a variant of C. TuimiUonensis and not as a distinct species, but inasmuch as (7. 
rostrata in its typical early occurrence in the Helderberg to Onondaga (^ 'Comiferous ") is a species 
very distinct from the other Cyrtinas occurring in these formations, where it is a persistent and 
more or less constant type, I am disposed to consider C. rostrata as a separate species, distinct 
from C. hamiUoneTisis and C. Jieteroclita, and to believe that in the great variability of the latter 
species there occasionally branches ofiF a form recalling the characters of the earlier type 
C. rostrata. 

C. dalmani differs from the type of Cyrtina JiamUtonensis in having the lateral plications 
fewer in number and increasing rapidly in width and strength toward the middle. C. rostrata 
differs from C. JiamiUonensiSj C. dalmani, and C. heterodita in being very wide and pennate and in 
having the maximum number of plications, which are stronger than in C. heteroclita. 

In Europe the name Cyrtina Jieteroclita De France, 1824, is given to a great variety of 
Cyrtinas, the dominant expression of which is apparently that of the C. dalmani type, with 
plications rather few in number, increasing markedly in strength and width toward the middle; 
median fold simple, not wider than the two boimding ribs on either side; outline of the brachial 
valve quadrangular or semicircular, not transversely elongated. A better knowledge of De 
France's original types is necessary before the synonymy of the C. Jieteroclita-liamiUonensis 
forms can be unraveled. 

Cyrtina heteroclfta var. alpha var. nov. 

Plate V, figure 15. 

This variety is distinguished by its well-defined obscurity or absence of radial ribbing. 
The surface is either actually smooth without ribs, or the ribs are present as extremely indis- 
tinct undulations. The internal molds are practically smooth. Fold and sinus are developed 
but are rather low. The outline is quadrate, not transversely extended. The cardinal area is 
arched and typically directed more or less posteriorly. The median septum in the pedicle valve 
is thick and long, extending three-quarters of the way to the front. The shell is normal in 
outline or only very slightly distorted. Vascular pits are developed in the posterior half on 
the umbonal slopes beginning alongside the sinus. On the surface, as represented in external 
mold, there are six or seven very obscure radial undulations; the interior of the pedicle valve is 
practically without radial ribbing. The width is less than twice the length. The ribs increase 
slightly in width and in prominence toward the center, though not so markedly as in Cyrtina 
dalmani or in the normal C. heterodita type. 

Locality: Cyrtina heterodita var. alpha occurs in the Chapman sandstone in the west side of 
Edmunds Hill, Chapman Township, Aroostook County, Maine. It is found in apparently the 
same beds with Cyrtina rostrata, from which it is easily distinguished by its squarer outline 
and obscure plications. 

U. S. National Museum, catalogue No. 59729. 

Comparisons, — This variety in its typical expression is very distinct from Cyrtina heterodita, 
but a suite of Eifelian specimens from Gerolstein shows a series of nearly all the transitional 
forms. The same variation toward obsolescent ornamentation is occasionally encountered in 
Cyrtina hamiUonensis, from the Hamilton formation of New York. In the Ithaca shale member 
of the Portage formation a Cjrtina of this nearly smooth type is a very common form. 

A smooth Cyrtina from the Dundee C'Corniferous") limestone of Michigan and the 
Onondaga limestone of New York has been described by Hall as Cyrtina hiplicata} It appears 

I Hall, James, New York State Cab. Nat. Hist. Tenth Ann. Kept., p. 105, 1857; Paleontology of New York, vol. 4, p. 206, pi. 27, figs. 5-10, 1887! 
vol. 8, pt 2, pi. 28, figs. 7-10, 18d5. Cffrthia bipOoata also occurs in the Eifel at Oerolsteln. 
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to be a species with persistent and distinctive characters, which include a transversely elongated 
outline, smooth surface, a deep groove each side of the median fold, simple fold and sinus, and 
absence of plications: Cyrtina Hplicaia differs from the nearly smooth form (7. heterodita var. 
alpha in the total and constant absence of ribbing and in its broad outline. 

OenuB 8PIBIFER Sowerby, 1816. 

Spirifeb concinnus Hall. 

Plate I, figures 6, 7; Plate II, figures 1, 4, 11, 12; Plate III, figure 5; Plate IV, figures 5, 6; Plate V, figures 16, 17. 

1857. Spinfer ctmcinna. Hall, New York State Cab. Nat. Hist. Tenth Ann. Rept., p. 60, figs. 

Shaly limestone and upper Pentamerus limestones of the Lower Helderbeig; Albany and Schoharie counties, 
Hudson, etc., N. Y. 
1869. Spin/era concinna. Hall, Paleontology of New York, vol. 3, pp. 200, 494, pi. 25, fig. 2; pi. 28, &g. 7. 

Shaly limestone:^ Helderbeig Mountains and Hudson, N. Y. 

Upper Pentamerus limestone; Schoharie and Helderbeig Mountains, N. Y. 
1876. Spinfer cofieinnvs. Barrett, Lyceum Nat. Hist. New York City Annals, vol. 11, p. 296. 

"Trilobite beds"; Bennett's quarry. Port Jervis, N. Y. 

1882. Spinfer oononntM. I. C. White, Pennsylvania Second Geol. Survey Rept. G6, p. 132. 
Storm ville shaly calcareo-siliceous beds ["Trilobite beds"]: Monroe County, Pa. 

1883. Spinfer condnna. Hall^ New York State Geologist Second Ann. Rept., pi. 55, figs. 1, 2. 
Lower Helderbeig group: Helderberg Mountains, N. Y. 

1890. Spvnfer (xmdnnua. Deeks, Canadian Rec. Sci., vol. 4, No. 2, p. 108. 

Lower Helderberg: St. Helens Island, Montreal. 
1893. Spinfer concinnus. Hall and Clarke, Paleontology of New York, vol. 8, pt. 2, pp. 24, 27, 38, pi. 30, figs. 1, 2. 

Lower Helderberg group: Helderberg Mountains, N. Y. 
1896. Spirifera ccmcinna. Ami, Canada Geol. Survey Ann. Rept., new ser., vol. 7 (for 1894), p. 155J. 

Lower Helderbeig limestone: St. Helens Island, Montreal. 

1899. Spirifer concinnus. Prosser,' New York State Geologist Seventeenth Ann. Rept., pp. 341, 351. 

Becraft limestone: Countryman Hill and Clarksville-Oniskethau Creek sections, Helderberg Mountains, Albany 
County, N. Y. 

1900. Spirifer concinnus. Schuchert, Geol. Soc. America Bull., vol. 11, p. 284. 
New Scotland and Becraft limestones: New York, Maryland, and Virginia. 

1900. Spirifer cf. concinnus. Williams, U. S. Geol. Survey Bull. 165, pp. 79, 80. 
Chapman sandstone: Chapman, Afoostook County, Maine. 

1901. Spirifer concinnus. Prosser, New York State Geologist Eighteenth Ann. Rept. (for 1898). p. 62. 
Becraft limestone: Near Gallupville, Albany County, N. Y. 

1901. Spirifer concinnu^s. Schuchert, Am. Geologist, vol. 27, p. 249. 

Becraft limestone: St. Helens Island, Montreal, Canada. 
??1901. Spirifer allied to S. arenosus. Schuchert, idem, p. 249. 

Becraft (?) or Middle Devonian (?) limestone: St. Helens Island, Montreal, Canada. 
1903. Spirifer concinnus. Schuchert, U. S. Nat. Mus. Proc., vol. 26, p. 422. 

Becraft limestone: Cherry Run, W. Va. 
not 1903. Spirifer concinnus.^ Weller, Paleontology of New Jersey, vol. 3, pp. 83, 289, pi. 30, fig. 3. 

Uppermost Coeymans: Near Hainesville, N. J. 
1903. Spirifer concinnus. Grabau, New York State Mus. Bull. 69, pp. 1060, 1067, 1068. 

Becraft and Port Ewen beds: Becraft Mountain, Columbia County, N. Y. 
1903. Spirifer concinnus. Van Ingen and Clark, idem, pp. 1188, 1191, 1193, 1197, 1207. 

Lowest Coeymans (?),* upper New Scotland, middle and upper Becraft, and lower Port Ewen limestones: Becraft 
Mountains, Columbia County, N. Y. 
cf. 1904. Spirifer excavatus (? not Kayser). Drevermann, Palaeontographica, vol. 50, p. 254, figs. 8-10. 

Siegen graywacke: Seifen, near Dierdorf, Rhenish Prussia. 
1905. Spirifer concinnus. Shimer, New York State Mus. Bull. 80, pp. 183, 232, 233, 249, 265 (in part). 

Becraft limestone: Trilobite Mountain, N. Y. 



1 Hall (op. cit., p. 494) reported that among enormous collections of shaly limestone [New Scotland] fossils made in Albany County between 
1843 and 1857 only a single specimen of 5. condnnut was found. At the time the volume cited was written only two specimens were known at the 
New Scotland horizon, thesecond specimen being presumably from Hudson, N. Y. This species is abundant and apparently very widespread in 
the Becraft limestone and upper part of the Helderberg group, of which it is a diagnostic fossil. 

* Dr. C. B. Smith has identified this species from the New Scotland limestone of the Indian Ladder section of Countryman HiU. 

* The ribs are too few (only eight on each side) and too coarse for this species. See text, p. 82. 

« The citation of Spirifer concinnw in the Coeymans, especially at its base, is to be taken with some doubt. 
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1905. Spirifer candnnua, Williams and Kindle,^ U. S. Geol. Survey Bull. 244, p. 39. 

Lewistown limestone: Covington, Va. (localities 1382 B^ and 1382 A). 
1907. Spirifer subcuspidatus latHncisiLS (not Scupin). Clarke, New York State Mus. Bull. 107, p. 254, figs. 

Lower Devonic: Presque Isle Stream, Chapman Plantation, Aroostook County, Maine. 

A plicated Spirifer of moderately small size with rounded extremities, nojielongated out- 
line, and 11 or 12 ribs on each side of the sinus and fold. Width less than twice the lexigth, ratio 
varying from 1^:1 to 1J:1, commonly about 1^:1. Hinge line straight, commonly slightly 
shorter than the greatest width. Hinge extremities rectangular or rounded, rarely acute, never 
(in the Maine specimens) mucronate. Lateral and front margins arcuate. Pedicle valve 
gibbous, with a broad, tumid umbo; beak incurved but elevated above the brachial valve. 
Greatest depth of the pedicle valve over the hinge line. Cardinal area well developed, strongly 
curved; delthyrium large, acute, its sides subtending an angle of less than 60^ but more than 
45°. On the interior dental lamelke extend one-fourth to one-third the length from the beak. 
They are situated generally ' nearly imder the third sinus, each side of the large median sinus. 
The muscular scars are not impressed. The brachial valve is nearly equal in convexity to the 
pedicle valve; greatest depth slightly back of the middle; cardinal area appreciably ^curved, 
but much narrower than in the pedicle valve. Cardinal process simple. A median elevated 
line or very obscure septum extends about half the length of the brachial valve on the inte- 
rior. Depth (with both valves in conjunction) varying from 0.75 to 1.1 times the length of 
the brachial valve. 

The surface is marked by 11 or 12 strongly elevated, rounded plications each side of the 
fold and sinus; the sinus in the pedicle valve is angular in the bottom, rather deep, and with- 
out any median riblet. It is equal in width to about four lateral ribs. The fold in the 
brachial valve is strongly arched and broad topped; the surface is generally marked by a median 
groove which is occasionally indistinct, although in some specimens it is so well developed that 
it divides the median fold into two strong pUcations. On only one of the many external molds 
of the Maine specimens was the finer surface ornamentation discernible. This consisted of con- 
centric lamellae, strongly recurving on the brachial fold. The largest specimen observed was 17 
millimeters long and 26 millimeters wide. The average specimens are about three-fifths that 
size. The distinguishing features of this species are the small size, the rounded or square 
shoulders, and the number of pUcations (1 1 or 1 2, rarely as many as 14) on each side of the usually 
simple sinus and fold. 

The specimens figured show some variations, which are noted in the following paragraphs, 

Plate I, figure 6. A brachial valve of average size from locaUty 1099 L, in which the dorsal 
median septum shows more strongly than usual. 

Plate I, figure 7. Another brachial valve from the same locality, showing the groove in the 
fold common in Maine specimens. 

Plate II, figure 1. A pedicle valve from Presque Isle Stream, of very large size but show- 
ing the usual outline, ornamentation, and the angular sinus without median riblet. 

Plate II, figure 4. A pedicle valve, from St. Helens Island, near Montreal, Canada. 

Plate II, figure 11. Cardinal aspect of an internal mold from Presque Isle Stream, with 
both valves in conjunction, showing the high, curved cardinal area and also the slight inequality 
in convexity of the two valves. 

Plate II, figure 12. Cardinal aspect of another pedicle valve from Presque Isle Stream, 
showing high curved cardinal area and the dental lamellse. This is the only specimen in our 
collection in which the dental lamellae occupy the first groove on each side of the sinus; usually 

1 These specimens are large (about 34 by 33 millimeters) and show 13 or 14 plications on each side. The ribs are narrow and low and the sinus is 
not so deeply excavated as in the Maine forms. In one of the 8i>ecimens (labeled fig. 204, Feb. 3, 1809; 1382 B') there are two very obscure ribs In 
the sinus, one on each side. These originate as branches from the ribs bounding the sinus, exactly as in the early stages of 8» arenosut; but in the 
present specimen the sinus continues well pronounced, no further ribs are developed, and the two ribs which do appear are so obsolescent as to be 
discernible with difficulty. This specimen suggests the close phylogenetic relationship to Sptri/er arenostUt not only because the ribs which bound 
the sinus send off branch ribs into the sinus, but also because of the large size of the shell, the low and numerous ribs, and the shallows sinus, 
which are features more or less uncommon in Spirifer concinnw. 

' Their position in the Maine forms is variable. In one or two specimens the lamellia are under the first lateral sinus. 

50245**— No. 89—16 6 
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they are situated at about the third groove on each side of the sinus. Clarke describes and fig- 
ures his Presque Isle Stream specimens, which he identified with Spirifer aubcuapidcUus var. 
lateincisus Scupin, as having the lamelka in the first lateral groove on each side the sinus. 

Locality: Chapman sandstone, Edmunds Hill, Presque Isle Stream, and 2 J miles west 
of Presque Isle Stream, Chapman Township, Aroostook County, Maine. 

U. S. National Museum, catalogue Nos. 59730 to 69734. 

Comparison with the typical New York specimens. — There are a few minor points of dis- 
tinction between the New York and Maine specimens. The former are described by Hall as 
having 12 to 14 plications on each side; in the Maine specimens there are only 11 or 12. Many 
New York specimens examined by us from several localities, however, have the same number of 
ribs as the Maine forms. 

In specimens from Becraft Mountain, N. Y., Shimer ^ reports only eight or nine — in one 
specimen probably ten — plications on each side. The Trilobite Moimtain specimens average 
eight to ten pUcations on each side, and some very large specimens (27 millimeters long and 
31 millimeters wide) having 12 ribs on each side are recorded. Weller's specimens from the 
Coeymans-New Scotland transition beds have only eight ribs on a side. These figures indicate 
that average specimens from the Becraft limestone of Becraft Moimtain and Trilobite Moun- 
tain, N. Y., having an approximate length of 16 millimeters and width of 23 millimeters, have 
only eight to ten plications on each side of the middle. The Maine specimens, though smaller 
than these, have commonly 1 1 or 12 plications on each side. One or two have as many as 13 or 
possibly 14, and these agree with the species as described by Hall and as generally distributed 
in the Becraft of New York. The shells called Spirifer coruAnnuSj from Trilobite and Becraft 
Mountains, and possibly New Jersey, may therefore represent a distinct species or more probably 
are to be identified with Spirifer cydopterus. 

The strength of the plications in the New York forms is variable, but commonly they are 
pronoimced, rather than * ^little elevated," as stated by Hall. The strength of the fold and sinus 
is also variable in the New York specimens, and the median sinus is generally shallower than 
in the specimens from Maine. A faint riblet was observed in the median sinus of one or two 
New York shells, but no such riblet has yet been observed in the Maine specimens, though they 
have conmionly a grooved fold in the brachial valve, a feature very rare in the New York forms. 
The cardinal extremities in the Maine specimens are rectangular or rounded; the form with 
salient cardinal extremities occasionally foimd in New York has not been observed in Maine. 
In his paper on the Silurian and Lower Devonian faimas of Maryland^ Schuchert, without 
description, lists a fossil from the Maryland Oriskany as ^'Spirifer concinnoides no v." As I am 
imacquainted with the fossil thus designated, no comparisons between the Chapman modifi- 
cations of S. condnnus just described and the Maryland forms can be made at present. 

Comparison with related species. — ^The Chapman forms here called Spirifer condnnus are 
remarkably similar to some sheUs identified with the Spirifer excavatus Kayser,* from the lowest 
Devonian of Germany. Scupin* removes from Kayser's species the specimens figiu-ed by 
Kayser in his Plate XXII, figure 7; Plate XXV, figure 26 ( = 5. hystericus); Plate XXII, 
figure 9, and probably Plate XXIII, figure 6, and restricts the name to shells having only eight 
or nine pUcations on each side; he regards Kayser's Plate XXII, figure 11, as the type of the 
species and figures Kayser^s original specimen. In both Kayser's and Scupin's figures of this 
specimen there are 11 or 12 pUcations on each side, not eight or nine, as mentioned in Scupin's 
text. This type is a large specimen ; the fold is very deeply divided, the ribs angular, and the 
interspaces broad. This form is very similar to the Spirifer sp. indet. Weller,' from the Kanouse 
sandstone (so-caUed *' Newfoundland grit") of New Jersey. 

These spirifers with angular ribs and very deeply and broadly divided median fold have 
nothing in common with typical Spirifer condnnus and but Uttle in conmion with the Chapman 

1 New York State Mas. Bull. 80, p. 249, 1905. 

• U. 8. Nat. Mus. Proc., vol. 26, pp. 413-424, 1903. 

• Consult Kayser, Emanuel, Die fauna der &ltesten Devon-Ablagerungen des Harzes, p. 17, pi. 22, figs. 7-9, 11; pi. 23, fig. 6; pi. 25, figs. 22, 25, 
26,1878. 

• Spiriferen I>eutschlands, p. 24, pi. 2, fig. 8, 1900. 

• Paleontology ol New Jersey, vol. 3, p. 376, pi. 52, fig. 4, 1903. 
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sandstone fonns of Spirifer condnnus. The latter are more nearly comparable with the smaller 
shells having rounded ribs, narrower interspaces, and fold not so broadly cleft, represented by 
the fossils collected by Drevermann from the Siegen graywacke at Seifen and elsewhere in the 
Rhenish province and described and figured by him as Spirifer excavaius,^ Indeed, Drever- 
mann's figures 8 and 9 look as if they might have been drawn from Chapman specimens; his 
figure 10 shows fewer ribs. It is difficult with our present knowledge to satisfactorily separate 
these Siegen graywacke fossils specifically from the Chapman forms, but it may be questioned 
whether these fossils can be strictly identified with Kajrser's Hercynian (Lower Coblenzian) 
S, excavatuSj which is larger and has a more broadly cleft fold and angular ribs with wider 
interspaces. 

iJthough Kayser's forms agree with the Chapman specimens in outline, convexity, and 
muscular markings, and in having 11 or 12 ribs each side of the fold, which is deeply cleft, the 
persistently more deeply cleft fold in the brachial valve, as well as some minor characters of the 
original Hercynian Spirifer excavaius of -Kayser and Scupin show little direct relationship with 
the New York typical Spirifer concinnus. In Kayser^s Hercynian species the ribs are more 
angular and have wider interspaces than in the Chapman forms of S. condnnus. It is also larger 
and, though it agrees with the Maine shell in the presence of a cleft fold, that character is very 
persistent and very much better developed in the German species than in the Chapman fossils. 

Spirifer carinatus Schnur and Spirifer nerei Barrande * also closely resemble Spirifer conr- 
cinnus but generally have the fold carinate instead of rounded. In Spirifer nerei Barrande 
the umbones are usually more inflated than in S. condnrms. Finally, both S. carinatvs Schnur 
and S, nerei Barrande are larger than S, condnnus — ^very much larger than the ordinary Chap- 
man forms of that species — and also frequently have one or two more ribs on each side than the 
maximum of Spirifer condnnus. 

These Chapman fossils have been identified by Clarke * with Spirifer subcuspidatus Schnur 
var. Vti'dndeus Scupin.* The German species, which occurs in the white sandstone of the 
Kahleberg and at other points in the Oberharz, in beds of the age of the Coblenz (Ems^ or 
Middle Coblenzian) quartzite, is a larger and wider form than the Chapman Spirifer condnnus, 
and its cardinal extremities are more acute. The height of the cardinal area in the Chapman 
fossils is less, and the two valves are more nearly equal in convexity. There is, however, a very 
close similarity between the shells from Aroostook County, Maine, and those from the Harz 
Mountains, Germany. 

Variation of Spirifer condnnus toward Spirifer arenosus. — ^In the b^inning of its career 
as a species Spirifer condnnus seems to have been derived from some such form as Spirifer 
cyclopterus, from which it differs only, aside from a few insignificant points, in having a few more 
ribs. Toward the end of its career Spirifer condnnus, a species with a simple fold and sinus, 
varies toward Spirifer arenosus, a species with a plicose fold and sinus. Hall noted this fea- 
ture in S, condnnus when he stated ^ that in '^many specimens there are faint indications of a 
fold on each side of the mesial sinus and of several similar ones upon the corresponding mesial 
elevation; this character, however, is not constant in the specimens examined.'' Such a form is 
figured by Hall and Clarke.* 

In some rocks at St. Helens Island, near Montreal, Canada, which contain Helderberg 
fossils, occurs a Spirifer which has been hsted by Donald, Decks, Ami, and Schuchert as '^Spiri- 
fer allied to arenosv^.^' In the words of Schuchert,^ '*This is apparently the earhest form of 
S. arenosus type.'' However, it is not that species, since when small it is much like S. condnnus, 
but toward maturity the fold and sinus became pUcated. Characteristic representatives of 
the species Spirifer arenosus have been recognized in the breccias of St. Helens Island,' proving 

1 Palaeontographica, vol. 50, p. 254, figs. 8-10, 1904. 

3 See Scupin, Hans, Die Spiriferen Deutacblands: Palaeont. Abh. (Dames & Koken, Jena), vol. 8, Heft 3, pp. 26 and 32, 1900, for referonoeB, 
description, and figures of these species. 

» New York State Mus. Bull. 107, p. 264, figs., 1907. 
i Scupin, Hans, op. cit., p. 223, pi. 24, figs. 13, 14a-c. 
» Paleontology of New York, vol. 3, p. 200, 1859. 

• Idem, vol. 8, pt. 2, pi. 30, 1893. 

' Am. Geologist, vol. 27, No. 4, p. 249, April, 1901. 

• Williams, H. S., Roy. Soc. Canada Proc. and Trans., 3d ser., vol. 3, p. 221, 1910. 
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conclusively that the Oriskany was represented there. The specimen from St. Helens Island 
figured in the present work (PI. II, fig. 4) plainly shows the similarity in configuration to S. 
condnnus. ''In S. arenosua of the Oriskanian, the horizon for this species (5. arenosiLs),'^ 
continues Schuchert, "the plication of the fold and sinus is not a recently acquired character, 
for it appears in the shell when quite small." This is true both in general and particularly in 
regard to the Maryland specimens; but specimens of Spirifer arenosus nearly an inch wide 
from Union Springs, N. Y., are without pUcations on the fold. Plicose specimens of S, con- 
dnnus may be distinguished from small forms of S. arervosus chiefly by the more elevated plica- 
tions and rounded shoulders.* The type is similar to Spirifer grieri Hall,' from the American 
"Corniferous'' limestone, and Spirifer winterii Kayser.' 

Spirifeb arenosus (Conrad). 

Plate II, figures 15, 16, 19, 21; Plate III, figure 1; Plate V, figure 18. 

1839. Deltkyns arenosa, Conrad, New York Geol. Survey Third Ann. Rept., p. 65. 

''Helderbeig, in sandstone/' [Oriskany sandstone: Helderberg Mountains, N. Y.] 

1842. Delthyris arenaria. Vanuxem, Greology of New York, Rept. Third Dist., p. 123, fig. 1; p. 124, fig. 5. 
Oriskany sandstone: Third district. (Madison County westward to Cayuga Lake), N. Y. 

1843. Delthyris arenaria. Mather, idem, Rept. First Dist., p. 342, fig. 1. 

Oriskany sandstone: Hills east and west of Schoharie; various places in the Helderberg Mountains, in the towns 
of Berne, Knox, and Bethlehem, and southward to Esopus Falls, N. Y. 
1843. Delthyris arenosa. Hall, idem, Rept. Fourth Dist., p. 148, fig. 1. 
Oriskany sandstone: New York. 

1858. Spirifer arenosa, Rogers, Geology of Pennsylvania, vol. 2, pt. 2, p. 826, fig. 650. 
Meridian formation (Oriskany) : Pennsylvania. 

1859. Spirifer arenosus. Hall, Paleontology of New York, vol. 3, p. 425, pi. 98, figs. 1-8; pi. 99, figs. 1-10; pi. 100, 

figs. 1-8. 

Oriskany sandstone: Everywhere in New York, ''being one of the most constant if not the most persistent fossil 
of the rock. In the same rock in Maryland, Virginia, and elsewhere.*' 
1863. Spirifer arenosa. Billings, Oeology of Canada, p. 960, fig. 465 a, b. 

Oriskany (sandstone): North Cayuga, Ontario (p. 361). 

Craspe limestones, division 8: Whitehead, Cape Barry, and Perce Rock, QsBpe (pp. 393, 439). 
?1867. Sjkrifera unim. Hall, Paleontology of New York, vol. 4, p. 203, pi. 30, ^, 21; pi. 55, fig. 8. 

Comiferous limestone: Clarence Hollow, Erie County, N. Y. 
cf. 1868. Spirifer arenosus, Dawson, Acadian geology, p. 498 (1891 edition). 

"Oriskany*' Nictaux iron ore; Nictaux, Nova Scotia. 
1874. Spirifera superba. Billings, Paleozoic fossils, vol. 2, pt. 1, p. 47, pi. 3A, figs. 3, 3a, 3b (not S. superhus Eichwald). 

Gaspe limestone No. 8: Indian Cove, Gaspe. 
1876. Spirifer arenosus, Barrett, Lyceum Nat. Hist. New York City Annals, vol. 11, p. 297. 

Oriskany: Bennett's quarry. Port Jervis, N. Y. 
1878. Spirifer arenosus. Ashbumer, Pennsylvania Second Geol. Survey Rept. F, p. 239. 

Oriskany (Meridian) coarse sandstone: East Broad Top Railroad cut at Three Springs; on Royer and Sandy 
ridges near Orbisonia, Huntingdon County, Pa. 
1882. Spirifer arenosus. I. C. White, Pennsylvania Second Geol. Survey Rept. (j6, pp. 124, 247, 248. 

Oriskany (Stormville?) limy, cherty shales: One mile south of Carpenter's Point village. Pike County, Pa. 

1882. Spirifera arenosa. Stevenson, Pennsylvania Second Geol. Survey Rept. T2, pp. 86, 103-104, 132, 149. 
Lower Helderbeig-Oriskany transition (siliceous limestone) : Wills Creek, near Hyndman, Bedford County, Pa. 
Oriskany (hard blue-gray grits): Wills Creek, above preceding locality, on Exline road. King Township, and at 

Bedford Springs, Bedford County, Pa. 

1883. Spirifera arenosa. Hall, New York State Geologist Second Ann. Rept., pi. 55, figs. 3-7. 
Oriskany: Eastern New York and Cumberland, Md. 

1883. Spirifer superba. Ells, Canada Geol. Survey Rept. Progress for 1880-1882, p. 14DD. 

Upper Gaspe limestone (Oriskany): Indian Cove, the Blowhole, Grande Greve, and Little Gaspe, Gaspe Bay, 
Quebec. 

1 Williams, H. S., op. cit., pp. 221, 234. 

* Paleontology of New York, vol. 4, p. 194, pi. 27, ftg. 29; pi. 28, flgs. 17-23, 1867. See Schuchert, Charles, U. S. Geol. Survey Bull. 87, p. 392, 
1807, for additional references. 

* Deutsch. geol. Qesell. Zeltschr., 1881, p. 331, pi. 19, fig. 1; occurs at Gerolstein, in the Eifel. Compare also Spirifer biJiehofi (A. Roemer's sp.) 
pars, figured by Drevermann in Palaeontographica, vol. 50, pi. 29, flgs. 15-17, 1904. Drevermann's fossils are from the Siegen graywacke of Selfen, 
etc., in the Westerwald. 
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1883. Spiri/er arenosa, I. C. White, Pennsylvania Second Geol. Survey Kept. G7, pp. 86, 297, 305, 310, 329. 

Oriskany: Little Fishing Creek, Columbia County (cherty sandstone); Grove Bros, tunnel. Cooper Township, 
Montour County (chert); Mahoning Township, Montour County (sandy, limy chert); Chilllsquaque Creek and 
Lime Ridge, Liberty Township, Montour County (blackish cherty beds); Delaware Township, Northumber- 
land County (cherty sandstone). 

1883. Spirifera arenosa. I. C. White, idem, p. 346. 

Oriskany: Near mllepost 135, Northern Central Railway, Upper Augusta Township (limy, cherty beds), and 
Lower Mahanoy Township, Northumberland County, Pa. 

1884. Spiri/er arenosus, Ewing, Pennsylvania Second Geol. Survey Rept. T4, p. 431. 

Oriskany (coarse sand cemented with lime carbonate): Alexander quarry, between Julian and UnionviUe, 
Center County, Pa. 

1885. Spirifera arenosa. I. C. White, Pennsylvania Second Geol. Survey Rept. T3, pp. 119, 259. 
Oriskany sandstone: Mapleton and Huntingdon car works, Oneida Township, Huntingdon County, Pa. 

1885. Spirifera superba and arenosa (?). Ells, Canada Geol. Survey Rept. Progress for 1882-1884, p. 24E 

Gaspe limestone No. 8: Grande Greve, Gaspe Bay. 
1899. Spirifera hillingmna. Miller, North American Greology and Paleontology, p. 372 (nom. nov. proposed for 
S. superba Billings, preoccupied). 

Gaspe limestone No. 8: Gaspe. 
1889. Spirifera arenosa, Schuchert, New York State Geologist Ei^^hth Ann. Rept. (for 1888), p. 53. 

Oriskany: Cayuga, Ontario; Cumberland, Md. 
1889. Spirifera arenosa. Simpson, Pennsylvania Second Geol. Survey Rept. 03, pp. 208-209. 

Oriskany sandstone: Sandy Ridge and Royers Ridge, Orbisonia, Huntingdon County, Pa. 

1892. Spvrifer arenosus. Clarke, Am. Jour. Sci., 3d ser., vol. 44, p. 413. 
Oriskany siliceous limestone: Becraft Mountain, Columbia County, N. Y. 

1893. Spvrifer arenosus. Hall and Clarke, Paleontology of New York, vol. 8, pt. 2, pp. 24, 27, 37, pi. 29, figs. 1-4; 

pi. 30, figs. 3-8. 
Oriskany: Eastern New York; Cumberland, Md. 
?1893. Spirifer unieas. Hall and Clarke, idem, pi. 30, fig. 8. 

Upper Helderberg limestone: Clarence Hollow, Erie County, N. Y. 
cf. 1895. Spirifera arenosa. Ami, Canada Geol. Survey Ann. Rept, new ser., vol. 6, p. 15Q. 

Nictau beds (Oriskany): Nictau, Nova Scotia. 
1897. Spirifer arenosus. Schuchert, U. S. Geol. Survey Bull. 87, p. 382. 

Oriskany and Comiferous: Schoharie, Clarence Hollow, etc., N. Y.; Cumberland, Md.; Viiginia; Frankstown, 
Pa.; Cayuga, Ontario. 

1899. Spirifer arenosus. Proaser, New York State Geologist Seventeenth Ann. Rept. (for 1897), p. 341. 
Oriskany sandstone: Countryman Hill, Helderberg Mountains, N. Y. 

1900. Spirifer arenosus. Schuchert, Geol. Soc. America Bull., vol. 11, pp. 315-316. 

"Monterey" formation (Oriskany): Cumberland, Md. 

"Oriskany": North Branch of Potomac River at Kejrser, Mineral County; Moosefield, Hardy County; North 
Fork of South Branch of Potomac River, Pendleton County, W. Va.; Rock Enon Springs and 6 miles north- 
west of Winchester, Frederick County, Va. 

1900. Spirifer arenosus. Clarke, New York State Mus. Mem., vol. 3, No. 3, pp. 46, 74, 77-79. 
Oriskany siliceous limestone: Becraft Mountains, N. Y. 

Oriskany sandstone: Oriskany Falls, Oneida County, N. Y.; in quartzitic sandstone (?), Livonia salt shaft, 
Livingston County, N. Y.; in siliceous limestone, Glenerie, N. Y.; in quartzitic limestone, West Mountain, 
Schoharie, N. Y. 

1901. Spirifer arenosus. Prosser, New York State Geologist Eighteenth Ann. Rept., p. 59. 

Oriskany (dark-gray sandstone): Altamont section, Helderbeig Mountains, Albany County, N. Y. 
1901. Spirifer arenosus. Prosser, Jour. Geology, vol. 9, p. 418. 

Oriskany: Alleghany County, Md. 
1903. Spirifer arenosus. Weller, Paleontology of New Jersey, vol. 3, pp. 100, 101, 353, pi. 48, fig. 5. 

Spirifer murchisoni or upper zone of the Oriskany (siliceous limestones): Three-fourths of a mile west of Leighton 
and at Peters Valley, N. J. 
1903. Spirifer arenosus. Van Ingen and Clark, New York State Mus. Bull. 69, pp. 1203, 1207. 

Oriskany siliceous limestone: Glenerie, N. Y. 
1905. Spirifer arenosus. Harris, Guide to the Geology of Union Springs, p. 4, pi. 13, figs. 1, 2. 

Oriskany sandstone: Yawger's Woods, Union Springs, Cayuga County, N. Y. 
1905. Spirifer arenosus. Clarke, New York State Mus. Bull. 80, pp. 140, 143, 145, 149. 

Grande Greve limestone: North shore of Gaspe Bay. 

Perce limestone: Perce Rock, Blowhole, and Barre Brook, Gaspe Bay. 
1905. Spirifer arenosus. Shimer, idem, pp. 229, 251, 265. 

Spirifer murchisoni zone, or upper division of the Oriskany (dense blue limestone): Trilobite Mountain, N. Y. 
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1905. Spiri/er arenosus. Williamfl and Kindle, U. S. Geol. Survey Bull. 244, pp. 32, 34, 39, 43, 48. 

Giles formation [in sandstone of Oriskany age] interbedded in chert: Ravine 1} miles above Hicksville, Bland 
County, Va. (as Spiiifer sp., p. 32); Springs Hotel, W. Va.; Jackson River, below Covington, and one-half 
mile west of Clifton Foi^, Alleghany County, Va. 
1905. Spiri/er arenosus. Clarke, New York State Mus. Bull. 82, p. 41. 
Oriskany granular quartzite: TuUy quadrangle, N. Y. 

Oriskany sandstone: Yawger's Woods, near Union Springs, and at Oriskany Falls, N. Y. 
1910. Spiri/er arenosus (Conrad). H. S. Williams, Roy. Soc. Canada Trans., 3d ser, vol. 3, sec. 4, p. 221. 
St. Helens breccias, lot 1 (252.1): St. Helens Island, near Montreal, Canada. 

This species, though not present in the Chapman sandstone, is introduced here with illus- 
trations, because its importance as a stratigraphic landmark makes its absence significant in a 
fauna which has species genetically related to it and with which it is necessary to institute 
detailed comparison. A full synonymy is also given in order to show its geographic distribution. 
The Moose River sandstone, in which the spe<nes is abundant, is exposed in an adjoining county 
in Maine and indicates the probable areal continuity of the basins in which the two faunas 
lived, thus requiring succession in time to explain the difference in fauna. 

The species Spirifer arenosus is too well known to warrant any detailed description here. 
It is of interest to note that this, the first species in the American faunas with pUcated fold 
and sinus, has no close equivalent in the European faunas. It is true that the first similarly 
plicose Spirifers — S. hischofi A. Roemer ^ and S. daleidensis Steininger * — occur in the European 
Eo-Devonian at a horizon (the Taunusian, Siegen graywacke, or zone of Spirifer primaevus) 
supposed to be the equivalent of the Oriskany; but these European species can not be com- 
pared very closely with 8. arenostLSf for they have a different outline and convexity and a 
stronger fold and sinus and can easily be recognized as distinct. The second species named 
above {Spirifer daleidensis) has bifurcating ribs. Some specimens with distant and bifurcating 
ribs, which appear to be identifiable with Spirifer daleidensis j have been observed in the Mary- 
land Oriskany from Hicksville, Bland Coimty, Va.' The Kentucky **Corniferous" (?) shells 
doubtfully identified by Nettelroth,* with Spirifer divaricata Hall, are similar to if not actually 
identifiable with Spirifer daleidensis Steininger. 

LocaUty : Spirifer arenosus occurs in the Moose River sandstone in Somerset County, Maine. 
All the figured specimens are from Detroit, Maine (locality 1100 A), except that shown in Plate 
III, figure 1, which is from the Oriskany at Keyser, Mineral County, W. Va. 

U. S. National Museum, catalogue Nos. 59735, 59736. 

SptRiFER ARENOSUS var. SIMPLEX nov. var. 

Plate III, figures 2-4, 7, 12. 

This variety, which does not occur in the Chapman faima, differs from Spirifer arenosus 
in having in the median sinus a single strong rib with one weaker rib on each side. The shells 
are of medium size, rather elongate; ratio of length to breadth, 3:5 or 3:4, generally near 
the latter. Hinge line equals the greatest width of the shell; hinge extremities square or nearly 
so, slightly auriculate. Cardinal area fairly well developed; curved, not erect. Delthyrium 
over 60**, nearly 90°. The musculature is deeply impressed in the pedicle valve and is marked 
by a broad median groove, a continuation of the bottom of the median sinus of the valve. 
The surface is ornamented with low, flattened or roimded pUcations, of which there are be- 
tween 15 and 21 on each side of the fold and sinus. The interspaces between the ribs are 
very narrow. The pHcations at the lateral extremities are rather faint. In the bottom of the 
sinus is a central rib generally broader than any other plication on the surface, and on each 
side of this central rib is a single narrow rib. Fold and sinus broad, moderately elevated, not 
sharply demarcated. Brachial valves, associated with the typical pedicle valves in the same 

1 Roemer, A., in Glebel, C. O., DiesUurische Fauna des Unterhanes, p. 29, pi. 4, fig. 3, 1858. 

* Steininger, Johann, Oeognostlsche Beschreibung der Elfel, p. 71, 1853. For further references see Scupin, Hans, Die Spiriferen Deutschianda, 
pp. 277-279, etc. 

» U. 8. Oeol. Survey Bull. 244, p. 32, 1905 (Spirifer sp.). 

« Nettelroth, Henry, Kentucky foBsil shells, p. 113, pi. 12, figs. &-11, 1889; not pi. 11, figs. 0-11. 
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beds, generally exhibit a subdivision of the central plication within an inch from the point 
of the beak, so that from there forward there are four pUcations on the median fold. In some 
lai^e specimens a slight linear depression is seen on the mesial plication of the brachial valve 
near the front; and in several specimens the left-hand division of the median pair of pUcations 
on the fold (right-hand one when the specimen is examined with umbo upward) is bifurcate, 
and at the front the plications are five in number, which makes the inside phcation of the 
first division take prominence in place of the sulcus between the divisions. 

The ornamentation characteristic of the variety simplex occurs in the young of all Spirifer 
arenosus, but in the variety it is maintained apparently throughout life and certainly in shells 
having a larger size than specimens of S, arerioaus which have the normal five pUcations, or 
even seven pUcations, in t)ie sinus. 

Spirifer arenosus var. simplex may therefore be considered as founded on specimens of 
Spirifer arenosus in which the juvenile ornamentation in the sinus is maintained longer than 
normal — in other words retarded — and in which the normal adult ornamentation in the sinus 
of typical S. arenosus is not attained. 

In very young pedicle valves of Spirifer arenosus the sinus is simple and flat in the bottom, 
and the bounding rib on each side is strong. At about 7 millimeters from the beak each bound- 
ing rib dichotomizes; the inner branch is a little lower and weaker than the outer, so that it 
appears to develop within the sinus. At nearly the same stage that the bounding ribs dichoto- 
mize (about 1 millimeter's growth later), the flat bottom of the sinus also dichotomizes, 
producing two more low ribs within the sinus; and at some distance in front, a narrower riblet 
is developed ' between the two median ribs in the sinus. There are now five ribs in the sinus; 
in older forms each bordering rib again dichotomizes, producing seven ribs in the a 

sinus. The stages of development may be summarized as follows, the letters 
referring to the accompanying diagram (fig. 2): 

1. Median sinuB (A) simple, flat-bottomed; each bounding rib (B) stroDg. Diagram, B (A) B, 

2. Each bounding rib dichotomizes, the inner branch being a little weaker. Diagram, B 
(bi. A, b'),B. 

3. The flat bottom o( the einua (A) dichotomizes. Diagram, B (b', a', a', b'). B. 

4. A narrow riblet is added between them by the forking of one of the two divieiona of (A). 
Diagram, B (b', a', a, a',b'), B. (This ia the stage figured in PI. Ill, fig. 1.) 

6. The marginal riba of the ainua (either B or b') again dichotomize. Diagram, B (b', b', a', a, 
a',b',b>), B. 

The development of the pUcations in the sinus and fold of Spirifer arenosus 



furnishes an admirable illustration of the evolutional laws of retardation and ""' "^ ^f^f" 
acceleration. Although phases 1 and 2 of the above series are developed rather 
uniformly with exceedingly rare exceptions, at the same stage in the shell, the phases after 2 
are each developed at different successive intervals in different shells, and indeed phase 4 is in 
many shells not developed at all. 

The example of retardation may be explained here in connection with the variety simplex. 
In this variety only the second stage of development of the above table is reached at maturity; 
the fiat bottom of the sinus does not divide but remains simple as a broad, sUghtly elevated 
flat rib in the bottom of the sinus. This condition is maintained in the lai^est specimen observed 
for a length of 30 millimeters from the beak (PI. Ill, fig. 4), and in another specimen (No. 
215, not figured) for 27 milUmet«rs. This large size and the abtmdance of material including 
smaller sizes indicate that the variety simplex, though possessing the ornamentation of the young 
of typical S. arenosus, is not an immature form of the species but a variety. This interpre- 
tation is further corroborated by the fact that in normal forms of S. arenosus, as illustrated 
by the only specimen (PI. Ill, fig. 1) in the large coUection from Keyser examined in this 
study, the mature stage, or fourth stage, of the diagrammatic classification, is attained at a 

' ThlsDoiTtiw riblet Is the result of the dlchalomlilog ol the siiiui, gSDwall; ol the leR branch sod appaimtl; le» frnqusntl; at the Tljhl branch. 
The oHglDOt the firth rlhletb; the dlehotomiihig of the lelt branch iQlheshiua la visible Id tbeipeclnwnBgufed In Plata HI, Bgur* 1; inHaH'iipecl- 
mein(PalBontology otNew York, Tol.3,pl. 100, flg. Ib.pl. W,flg. 3, 1S59): BndlQa5peclinenintheConiBllUnlverall5'(Col. E. Jewett)collectlciii, 
No. 81, [rota Cumberloiul, Kd. Id the specimen shovro Id Hall's plate 100, ftgure Sa, sod In another Camel I Univroslly spec tnuD from CiimbM* , 
land, ICd., the median ilblet dlcholomlies from the right branch In the sinus. 



I 



88 FAUNA OF THE CHAPMAN SANDSTONE OF MAINE. 

distance of less than 15 millimeters from the beak. In all the others referred to var. simplex 
only the second stage is reached at full maturity. Comparison with the variety simplex shows 
that Spirifer condnnus with the rudimentary plications represents stage 1 of the diagram 
(fig. 2) so far as development of plications on the fold and sinus is concerned. 

Locality: Keyser, Mineral County, W. Va. This variety is the dominant form of Spirifer 
arenosus and is very abundant. Only one normal specimen of 8. arenosus, with the typical 
five plications in the sinus, was observed in a large collection from this locality. 

U. S. National Musexun, catalogue No. 59737. 

SpmiFER CYCLOPTERUS Hall. 

Plate I, figures 1, 4, 5, 8, 9, 12, 16, 18, 19, 20; Plate II, figures 3, 5, 6, 7, 8, 10, 13, 14, 20; Plate IV, figures 1, 10. 

1857. Spirifer cycloptera. Hall, New York State Cab. Nat. Hist. Tenth Ann. Kept., p. 58. 

Lower Helderberg ahaly limestone: Helderberg Mountains, Schoharie, Catakill, Hudson etc., N. Y. 
1859. Spirifer qfclopterus. Hall, Paleontology of New York, vol. 3, p. 199, pi. 25, fig. 1. 

Shaly limestone of Lower Helderberg group: Helderberg Mountains, Schoharie, Catskill, Hudson, etc., N. Y. 
1863. Spirifera cychptera. Billings and Logan, Geology of Canada, p. 957, fig. 457. 

Lower Helderberg: Canada [locality not given]. 
71874. Spirifera cycloptera. Billings, Paleozoic fossils, vol. 2, pt. 1, p. 48, pi. 3A, figs. 4b, 4c (not 4 and 4a, which 
are S. mio'chisoni Castelnau). 

Graspe limestone No. 8: Grande Greve and Indian Cove, Gaspe, and Split Eock, Perce, Quebec. 
1876. Spirifer cydopterta. Barrett, Lyceum Nat. Hist. New York City Annals, vol. 11, pp. 295, 296. 

Delthyris shaly limestone and Trilobite beds: Bennett's quarry. Port Jervis, N. Y. 
1882. Spirifer cyclopterua. I. C. White, Pennsylvania Second Geol. Survey Kept. G6, pp. 132, 134. 

''Trilobite beds" at top of Stormville shales: Delaware River at Carpenters Point, Pa. 

Stormville limestone (lower part of Lower Helderberg) : New Jersey and Pennsylvania. 

1882. Spirifera cycloptera, Stevenson, Pennsylvania Second Geol. Survey Rept. T2, pp. 156, 159. 

Lower Helderberg limestone: Imlentown road, east of Lutheran Church, Bedford County, Pa.; Martins Ridge, 
near Maryland State line, Bedford County, Pa. 

1883. Spirifera cycloptera. Hall, New York State Geologist Second Ann. Rept., pi. 61, figs. 12-13. 
Lower Helderberg: Carlisle, N. Y. 

1883. Spirifera cycloptera. Ells, Canada Geol. Survey Rept. Progress for 1880-1882, p. 8DD. 

Lower Gaspe limestones: Upper part of Griffin Cove River near peaks of Ruisseau de la Grande Carriere, Gaspe, 
Quebec. 
1886. Spirifer cyclopterus. Darton, Am. Jour. Sci., 3d ser., vol. 31, pp. 212, 214. 

Lower Helderberg: Cornwall Station, Orange County, N. Y. 
1890. Spirifer cyclopterus. Deeks, Canadian Rec. Sci., vol. 4, No. 2, p. 108. 

Lower Helderberg limestone [Becraft fossils]: St. Helens Island, Montreal. 
1893. Spirifer cyclopterus. Hall, Paleontology of New York, vol. 8, pt. 2, p. 36, pi. 36, figs. 12, 13. 

Lower Helderberg : Carlisle , N . Y . 

1896. Spirifera cycloptera. Ami, Canada Geol. Survey Ann. Rept., new ser., vol. 7, p. 156J. 
Lower Helderberg: St. Helens Island, Montreal, Canada. 

1897. Spirifer cyclopterus. Schuchert, U. S. Geol. Survey Bull. 87, p. 387. 

Lower Helderberg and Oriskany: Helderberg Mountains, New York; Gaspe and New Brunswick, Canada. 

1898. Spirifer cyclopterus. Proaser, New York State Geologist Seventeenth Ann. Rept., pp. 340, 341, 350. 
New Scotland shaly limestone: Countryman Hill and Clarksville, N. Y. 

Becraft limestone: Countryman Hill; Helderberg Mountains, Albany County, N. Y. 

1899. Spirifer cyclopterus. Girty, U. S. Geol. Survey Nineteenth Ann. Rept., pt. 3, p. 565. 
Lower Helderberg: T. 1 S., R. 8 E., Atoka quadrangle, Indian Territory [Oklahoma]. 

1900. Spirifer cyclopterus. Williams, U. S. Geol. Survey Bull. 169, p. 80. 
Chapman sandstone: Chapman, Maine. 

1900. Spirifer cyclopterus. Schuchert, Geol. Soc. America Bull., vol. 11, pp. 285, 294. 

New Scotland and Becraft: New York, Maryland, Virginia, Tennessee, Indian Territory, Maine, New 

Brunswick. 
Oriskany: Localities not cited. 

1900. Spirifer cyclopterus. Clarke, New York State Mus. Mem., vol. 3, No. 3, p. 73. 

Kingston (=Port Ewen) impure schistose limestone; near Kingston, Ulster County, along West Shore Railroad, 
one-half mile southeast of Rondout Creek, N. Y. 

1901. Spirifer cyclopterus. Prosser, New York State Geologist Eighteenth Ann. Rept. (for 1898), pp. 64, 58, 61. 

New Scotland shaly limestone: Indian Ladder section, Countryman Hill; High Point, Altamont; and Knox, 
Helderberg Mountains, Albany County, N. Y. 
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1903. Spirifer cycloptenu, Schuchert, U. S. Nat. Mua. Proc, vol. 26, p. 422. 

Coeymans limestone: Devils Backbone, near Cumberland, Md. 

New Scotland limestone: Bridge 21, Baltimore & Ohio Railroad, near Keyser, Mineral County, W. Va. 

Becraft limestone: Cherry Run, W. Va. 
1903. Spirifer cydopterua. Weller, Paleontology of New Jersey, vol. 3, pp. 82, 84, 85, 87-90, 287, 314, pi. 30, fig. 2; 
pi. 38, figs. 1-6. 

Basal Coe3rmans limestone: Top of Nearpass Quarry bluff. 

Lower Coeymans limestone: One-half mile northeast of Peters Valley, in the hillside. 

Coeymans limestone: Below Flatbrookville. 

Lower New Scotland cherty limestone: Back of quarry and limekiln of Mr. Sanford Nearpass. 

New Scotland shaly beds: One-half mile northeast of first crossroads over Wallpack Ridge below New York 
State line, one-half mile below Hainesville, and 1 mile below Peters Valley. 

Upper part of New Scotland shaly beds: Nearpass section. 

Becraft hard gray cherty limestone: Low ridge, back of Nearpass Quarry Bluff. 

All localities in northwestern New Jersey, 
cf. 1903. Spirifer coTicinnta (not HalPs species). Weller, idem, pp. 83, 289, pi. 30, fig. 3. 

Uppermost Coeymans: Near Hainesville, N. J. 
1903. Spirifer cycloptenia, Grabau, New York State Mus. Bull. 69, pp. 1056, 1061, 1067. 

Coeymans limestone, Becraft limestone, Port Ewen shaly limestone: Becraft Mountain, New York. 
1903. Spirifer cycloptenu. Hartnagel, idem, p. 1164. 

Stromatopora layer [included by Hartnagel in the basal Helderberg]: Hill east of Manlius, N. Y. 
1903. Spirifer concinniu. Van Ingen and Clark, idem, pp. 1188, 1189, 1191, 1203, 1207. 

Basal Coeymans limestone, Coeymans-New Scotland transition shaly limestone, lower and upper New Scotland, 
and lower and upper Port Ewen beds: Becraft Mountain, Columbia County, N. Y. ' 

Oriskany: Glenerie, Ulster County, N. Y. 
1905. Spirifer cyclopterus. Williams and Kindle, U. S. Geol. Survey Bull. 244, pp. 28, 33, 48. 

''Oriskany " coarse sandstone: East Fork of Powell River, above flouring mill, Wise County, Va. 

"Oriskany" sandy and cherty beds: Along Southern Railway northeast of Big Stone Gap, Wise County, Va. 

Giles sandstone: 1^ miles south of Rocky Gap, Bland County, Va. 
1906? Spirifer cyclopterus. Clarke,* New York State Mus. Bull. 80, p. 149. 

Grande Greve (Oriskany) limestone: The Blowhole, Gaspe, Canada. 
1905. Spirifer cyclopterus. Shimer, idem, pp. 181, 182, 189, 207, 208, 212, 220, 224-228, 232, 233, 248-249, 265. 

Lower Coeymans, lower and upper New Scotland,' lower Oriskany (Trilobite beds), and upper Oriskany (zone 
of S. murchisoni): Trilobite Mountains, N. Y. 
1905. Spirifer cycloptenu. Clarke and Luther, New York State Mus. Bull. 82, p. 40. 

Lower Helderbeigian limestone: Jamesville, Onondaga County, N. Y. 
1907. Spirifer cymindis. Clarke, New York State Mus. Bull. 107, p. 256, figs. 

Lower Devonic: Presque Isle Stream, Chapman Plantation, Aroostook County, Maine. 

This is a plicated Spirifer of small size, 6 to 9 low plications, square or rounded lateral 
extremities, and semicircular outline; hinge line straight, a little less than the greatest width 
of the shell; proportion of length to width varying from 8 or 9 to 12; greatest width just below 
the posterior margin, rarely at the hinge. Pedicle valve strongly convex, but only slightly more 
so than the brachial valve; gibbous over umbonal region. 

The greatest depth of the pedicle valve is equal to about one-third the length and is 
situated at two-fifths of the distance from beak to front. Transverse profile low, broadly sub- 
carinate. Umbone tumid, obtuse, strongly arched over the hinge; beak incurved so that the 
tip is not the most posterior point of the shell. Cardinal area of medium height, curved, nearly 
in the plane of the edges of the valve. Delthynum acute; rarely discernible because of the 
incurved beak. The musculature on the interior is in general distinctly impressed, though 
obscure in some specimens. It extends from one-third to two-fifths the length of the valve and 
is divided into two portions by the median sinus. The musculature is longitudinally striated; 
adductor scars not discernible. The dental lamellsB are well developed, widely separated, 
slightly divergent; they extend about one-fourth the length of the shell and are situated either 
in the second groove on each side of the median sinus or on the corresponding inner fold. 

> Clarke here records Ells's citation of S. qfclopUnu from this locality and states that It Is "probably S. murchlfoni"; Clarke found Spirifer 
mwehlMni here, but apparently he did not find Spirifer qfclopterus. 

I Shimer divides the New Scotland here Into lower (45 feet) and upper (125 feet), the division being based upon the rarity of Spirifer c^elopteruB 
in the lower and its abundance in the upper member. 
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The brachial valve is strongly convex, only slightly less so than the pedicle valve. Longi- 
tudinal profile deeply arcuate; the greatest depth is at the middle and is equal to about one- 
third the length of the brachial valve. 

Transverse profile carinated by the median fold. The umbonal part of the valve is deeply 
arched downward to the hinge; rarely does the posterior extremity extend beyond the hinge 
line. On internal molds of the brachial valve a pair of short, roimded incisions, about a milli- 
meter in length, represent the crural bases adherent to the bottom of the valve. The muscula- 
ture of the brachial valve is not impressed; the median septum or elevated line in the brachial 
valve extends about half the length of the shell. On the surface six to eight plications appear 
each side of the fold and sinus; the prevailing number of plications is seven, or seven with an 
indistinct eighth phcation; in one large shell nine ribs were counted. The extreme lateral 
extremities are smooth, the outermost plications being obsolescent and the ribs increasing in 
strength and width toward the middle. The phcations are strong, roimded to subangular, 
interspaces rarely equal to the width of the ribs. The sinus of the pedicle valve is deeply 
excavated and slightly flat in the bottom; it is equal in width to two or three of the boimding 
ribs and is extended tongueUke forward and toward the fold of the opposite valve. The 
median fold is strongly elevated, subcarinate, and equal in width to two or three of the bounding 
ribs. The finer surface ornamentation consists of extremely fine radiating lines visible only 
under a hand lens, and crossed and more or less interrupted by stronger or weaker concentric 
lines of growth. This ornamentation is discernible only on external molds. The shell structure 
is finely fibrous, impunctate. The inner layer of the shell is thicker than the outer layer and 
the fibers are radially or prismatically arranged as usual. In the outer thin layer the fibers are 
concentrically arranged, curving over the ribs, and are parallel to the lines of growth. The 
largest specimen observed, a pedicle valve from the west side of Edmunds Hill (PI. II, fig. 8) 
is 23 by 34 milUmeters and has seven or eight ribs on each side. The smallest specimen observed 
(PL I, fig. 8), from the same locality, is 7 millimeters long and 10 millimeters wide and has six 
ribs on each side. Large specimens 20 miUimeters long or more are not rare, but the majority 
of specimens are from 14 to 18 millimeters long. 

Locality: Chapman sandstone, Edmimds Hill, Presque Isle Stream, and 2i miles west of 
Presque Isle Stream, Chapman Township, Aroostook County, Maine. 

U. S. National Museum, catalogue Nos. 59738 to 59740. 

Comparison of CJuipman forms ofSpirifer cyclopterus with New Yorlc Tnaterial. — ^This species 
was originally described as having from five to seven rounded phcations on each side of the 
fold and sinus. Only two among scores of individuals from Edmimds Hill were observed with 
five plications; seven seems to be the predominant number, as in the New York types. Indi- 
viduals with eight phcations are also rather common in the Chapman sandstone, and one 
specimen was found having nine ribs on the side. Hall fails to mention the occurrence of eight 
plications in the New York Helderbergian forms of the species, but that number may be counted 
on the figures of his types as illustrated in Plate XXV, figm'es 1 h, 1, m, n, and ( ?) r. 

In the Coeymans limestone of New York and New Jersey, or basal Helderberg — an early 
stage of the range of the species — ^young specimens of Spirifer cyclopterus have only three, four, 
or five phcations and are with difficulty distinguishable from the antecedent Spirifer vanuxemi 
of the Manhus. The occurrence of seven phcations in the young individuals from the Chapman 
sandstone of Edmunds Hill suggests that the Chapman represents a stage after the species had 
become substantially fixed. This deduction is supported by the large size at maturity, and 
also by the strengthened musculature — a feature that wiU be referred to again. 

The few specimens from the locahty 2i miles west of Presque Isle Stream have only five 
ribs on each side of the fold and sinus, and one individual has only four. The shells are also 
of smaller size. If reaUy identifiable with Spirifer cydopteras, they suggest either an earUer 
stage or adverse conditions of environment. 

The larger Chapman specimens represent to some extent a transition toward the Oriskanian 
Spirifer murchisoni Castelnau. The typical Spirifer cyclopterus is distinguished by its rounded, 
not acute lateral extremities, the relative faintness of the muscular scars in the pedicle valve, 
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and the smaller size. In size and in abundance of individuals with strongly impressed mus- 
culature the Chapman shells approach the larger and later species Spirifer murchisoni; but they 
have the rounded shoulders and less transverse outline of the normal Spirifer cyclopierus, which 
is more primitive both chronologically and phylogenetically than Castelnau^s Oriskanian species. 

Stratigraphic and geologic significance of the evolution of Spirifer cychpterus. — In the suc- 
cession from the typical Silurian, through the Helderberg, into the basal Devonian of western 
Europe, represented by the Oriskany of North America and the Taunus quartzite or Siegen gray- 
wacke horizon of Europe, the evolution of the Spirifers, from the plicatus-inchoans-'mercuriV^ 
type through the cyclopterus-hystericus and into the murchisoni-primsew^ type, furnishes an 
admirable example of the intimate relation between phylogenetic evolution and geologic 
chronology. 

The murckisoni-primsevus form of Spirifer, evidently derived from the cyclopterua-liystericus 
type, abruptly supplants the latter as the diagnostic feature of the fauna in the Oriskany of 
America and in the Taunusian of Germany, Belgium, France, and England. These formations 
apparently represent a very small stratigraphic range and constitute the base of the Devonian 
of western Europe. This fauna is marked, both in America and in Europe, by the attainment 
of the phcated fold and sinus as a fixed specific character in Spirifer — Spirifer arenosus in the 
American Oriskany and Spirifer hischofi and S. daleidensis in the European Taunusian. The 
evolution of the Oriskanian arenosus type of Spirifer from the antecedent Spirifer concin- 
nu8 form marks the change into the basal Devonian of western Europe perhaps even more 
conspicuously than the evolution of the murchisoni-primaevus Spirifers from the antecedent 
cyclopteras-hystericus type. 

It is quite true that in the late Helderbergian there occiur, along with Spirifer cyclopterus, 
individuals which attain most of the characters of the Oriskanian Spirifer murchisoni. Such 
a condition gives rise to the occasional recording of Spirifer murchisoni in beds older than the 
Devonian of western Europe. However, such citations evidently indicate only extremes of 
Spirifer cyclopterus developed during the Helderbergian type of that species; the essential fact 
still remains that as fixed specific types the Spirifer murchisoni expression does not supplant 
the Spirifer cyclopterus type until the Oriskany or Taunusian epoch, which marks the beginning 
of the typical Devonian of Devonshire, Cornwall, and Rhenish Europe. 

Below the Coeymans limestone horizon, or base of the Helderbergian, the Spirifer cyclop- 
terus expression is unknown in the New York or Appalachian succession, though in the Silurian 
basins of the Fundy region in North America * and of Poland in Europe ' species approaching 
the Spirifer cyclopterus phase of development originated as early as the Aymestry or Middle 
Ludlow horizon. These Silurian species, however, seem to be indigenous to their more or less 
isolated basins. There is Httle or no indication that they developed continuously into and 
gave rise to the Helderbergian Spirifer cyclopterus of America, or to the Spirifer hystericus of 
the Gedinnian and more especially of the basal Devonian of western Europe. In the Appa- 
lachian region of North America Spirifer cyclopterus, or species of this type, are so completely 
unknown in the Manlius or older rocks that it may be safely assumed that they did not exist. 
In fact, Spirifer cyclopterus does not attain its mature development and dominance earlier than 
the New Scotland and later horizons of the Helderberg group. 

Although in the mature stage Spirifer cyclopterus is quite distinct from the Manlius species, 
Spirifer vanuxemi Hall, the fact has been long recognized that in some of its phases the Helder- 
berg species is closely related to the antecedent ManUus limestone form. In the description of 

1 Sptrifer tvhiuloiUus Hall, from Arisaig, Nova Scotia (Hall, James, Canadian Naturalist and Geologist, vol. 5, 1860, p. 145; also in Dawson's 
Acadian geology, 3d ed., 1878, p. 597). See also Twenhofel, W. H., and Schuchert, Charles, The Silurian section at Arisaig: Am. Jour. Sci., 4th ser., 
vol. 28, 1909, p. 161, etc. In the Arisaig section the species occurs in the Moydart and Stonehouse formations. 

> SpMfer bragenais Waujukow (Fauna der sllurischen Ablagerungen des Oouvemements Podolien: Materialen zur Qeol(^ie Russlands, vol. 19, 
p. 138, pi. 2, figs. 7, 8, 1899), which very closely resembles Hall's Spirifer tubttdeatut, occurs at Brage, Grentschuka, Orsinena, Sokola, Kamentza- 
Podolska, and Satanova in Poland. It is the characteristic Spirifer of the Kamenets or Coral limestone of the Polish Silurian. This horizon is 
dJstingui^ed by Pentaments voffulieui De Vemeuil [ Conehidittm knighti (Sowerby)], WiUonia wiltoni (Sowerby), large Chonetes, llionia priaea 
Hfainger, Oriostoma [Poleumita], and other large gastropods and other shells besides the corals. The horizon evidently corresponds with the 
Aymestry of Britain and with the Moydart formation about Arisaig, Nova Scotia. In the Poland basin Spirifer hragenait is reported to continue 
apward Into some limestones whidi contain a fauna strongly suggestive of the Coeymans or lower Helderbergian. 



92 FAUNA OF THE CHAPMAN SANDSTONE OF MAINE. 

Spirifer vaniixemi, Hall ^ states that the species '* differs from the S. cyclopierus of the shaly 
limestone in its smaller size and less numerous pUcations, as well as in the fine concentric and 
radiating striae of the siurface"; the supposed distinction in the finer ornament does not exist. 
I seem to have been the first to suggest^ the actual derivation of Spirifer cydopterus from^pi- 
rifer vanuxemi Hall. In 1893 the close relationship of Spirifer cyclopterus and Spirifer vanuxemi 
Hall was indicated by Hall and Clarke, who joined Spirifer cyclopterus Hall (Helderbergian), 
S. tribulus Hall, 8. murchisoni Castelnau, and Spirifer hemicydus Meek and Worthen (all three 
Qriskanian) in the same group with Spirifer crispua (Linnaeus), Spirifer vanuxemi Hall, Spirifer 
saffordi Hall, and Spirifer octocostaius Hall. This association was based chiefly on the occur- 
rence of the same type of pecuUar siurf ace ornamentation and other characters, in spite of the 
fact that the first group of species named are true Spirif ers, whereas the second group of species, 
with the exception of Spirifer vanuxemi HaU, belong to the round-shouldered, septate division 
of Spirifer known as Reticularia.' The detennination of the same type of surface omamenta- 
tion in both Spirifer cyclopterus and S. vanuxemi Hall leaves the only distinction between these 
two species the larger size and more numerous ribs of S. cyclopterus. 

Shimer has described from the Coeymans limestone of Trilobite Mountain, N. Y., young 
Spirifer cyclopterus having only three or four ribs and with rounded outline and convexity as 
in Spirifer vanuxemi Hall; but the young Spirifer cyclopterus specimens indicated are pro- 
portionately wider than Spirifer vanuxemi. He observes that "with the exception of this last 
fact, the similarity between the two species is almost perfect and suggests a possible derivation.'' ^ 
A couple of years earUer Weller* observed: '*A few small specimens [from the Coeymans lime- 
stone of New Jersey], which are apparently the yoimg of this species [S. cyclopterus]^ agree 
closely with specimens of vanuxemi from the ManUus hmestone, and at first were so identified, 
and some of these retain the fine surface markings of the species. It is possible that S. vanuxemi 
is ancestral to this Helderbergian species.'' 

It is thus seen that Spirifer cyclopterus and Spirifer vanuxemi both have the same pecidiar 
fine surface markings; both are small, with both valves subequally convex and with only a 
few roimded pUcations, nonextended outline, and rounded cardinal extremities. Finally, 
and of still greater importance, where Spirifer cydopterus first appears in the Coeymans limestone 
the young are with great difficulty, if at all, distinguishable from Spirifer vanuxemi. Spirifer 
cydopterus begins its appearance in the Coeymans where S. vanuxemi ends its existence; and 
Spirifer cydopterus differs from S. vanuxemi only in its sUghtly wider form, less broadly rounded 
shoulders, somewhat larger size, and sUghtly greater number of plications at maturity — all 
features that might be expected to develop along this line of descent." It is thus apparent, 
as has been indicated by many paleontologists, that Spirifer vanuxemi is the ancestral form of 
Spirifer cydopterus; and this conclusion receives additional support from the fact that Scupin, 

1 Paleontology of New York, vol. 3, p. 198. 1859. 

I WlUiams.H. 8., The life history of Sp<r(/€r{jrr<«.* Am. Jour. Scl., 3d ser., vol. 20, p. 459, 1880; also in New York Acad. Scl. Annab, vol. 11, 1881. 

I Certain forms of Spirifer eriaptu and of the variety simplex Hall, as oocurring in the Niagaran of the Mississippi V'alley, possess a median sep- 
tum, dental lameUee, and minute radiating spines arranged in fringes, characters which serve to remove the shells from true Spirifer and to asso- 
ciate them with Reticolaria. (See Kindle, E. M., and Breger, C. L., Paleontology of the Niagara of northern Indiana: Indiana Dept. Geology 
and Nat. Resources Twenty-eig;hth Ann. Kept., p. 442, pi. 8, figs. 20-28, 1904.) The same oonditk)ns have apparently been noted In European 
specimens of Spirifer eritpua by Scupin. On the other hand, forms identifiable with Spirifer eri*pui from the Niagaran or Wenlock faunas of Maine, 
New York, and Oreat Britain distinctly lack the median septum and fine radial ornament, as well as any conspicuous dental plates, and appear 
to be true Spirifer fonns. Spirifer oetocotUUw Hall and Spirifer saffordi both possess a median septum, dental lameUe, and fringes of radial spines 
and belong in the same section of Reticular ia with the septate forms of Spirifer (RetictUaria) crispa. The genus Cyrtinopsis has been erected by 
Bcnpin (Neues Jahrb., 1896, vol. 2, p. 247; Splrlferen Deutschlands, 1900, p. 212) for Kayser's Devonian Spirifer undonu and was apparently intended 
to include the septate Spirifer (Retieularia) erispa. It may ultimately prove advisable to retain the generic name r3rrtfaiopsis for Reticularias with 
only single-barreled spines, to restrict the name Reticularia to species having double-barreled spines, and to adopt Oemmellaro's Squamularia (see 
Qirty, O. H., Carboniferous formations and faunas of Colorado: U. S. Geoi. Survey Prof. Paper 16, p. 387, 1903) for Reticularia-like shells lacking 
the median septum and dental lamellse in the pedicle valve. The generic name Cyrtinopsis, in the strictest sense, was used by Scupin for Retica- 
laria-like fossils in which the median septom, instead of being intercalated between the dental lamellse, as in true Reticularia, originated by the 
onion of the forward ends of the converging dental lamellee, as in Cyrtina and some Spiriferina species. 

< New York State Mus. BuU. 80, p. 348, 1905. 

• Paleontology of New Jersey, vol. 3, p. 287, 1903. 

• See Raymond, P. E., Developmental changes in some common Devonian Brachiopoda; Am. Jour. Sd., 4th ser., voL 17, pp. 279-300, pis. 
ia-18, 1904. According to Raymond, the steps in the evolution of Spirtfers ue, first, the development of the transversely extended shell from 
narrow, nonextended forms; the development of the earlier round-shouldered types into square^ouldered forms, then into the type having 
acute extremities, and finally into the broad pennate and mucronate forms; the increase in the number of plications and ta the siae: and the 
inoraaslng dissimilarity in convexity of the two valves. 
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working in Europe on entirely independent lines and with different species, has concluded 
that the ancestral Spirifers are smooth forms of the Reticularia (Cyrtinopsis) type which evolve, 
through some such form as Spirifer mercurii Gosselet in the Gedinnian — a species resembling 
S. vanuxemi or intermediate between S, vanuxemi and early 8. cyclopterus, but septate — ^into 
the group of 8. hystericy^ (equivalent to mature 8. qfdopterus, tribvliLSf etc.), indicating a 
line of descent similar to that occurring in America. 

To geologists acquainted with 8pirifer cyclopterus and 8. murchisani the derivation of the 
latter from the former is more or less apparent. 8pirifer murchisoni differs from 8, cyctoptems 
in its slightly larger size, less romided' and sharper cardinal extremities, more transverse out- 
line, and persistently very strong musculature, a series of features less distinct and less con- 
stant than the differences between 8. cyclopterus and 8. vanuxemi. The 8. murchisoni form 
first appears in the uppermost Helderberg associated with 8. cyclopterus in such a way that 
the derivation of the 8. murchisoni expression from 8. cyclopterus is always self-evident. In 
the Oriskanian 8. cyclopterus is supplanted by 8. murchisoni. It is to be noted that 8. cyclop- 
terus, wherever recorded from the Oriskanian — as at Glenerie, N. Y., and at the Blowhole 
localities, Gaspe — ^is accompanied by 8, murchisoni. Such specimens of 8. cyclopterus might 
be regarded as unmature 8. murchisoni and as corroborating the derivation of the latter from 
the former. In this connection, too, it should be borne in mind that every large collection 
of 8. cyclopterus contains some individuals varying toward the wide form, or the sharper 
cardinal extremities, or laiger size, or stronger musculature of 8. murchisoni; and that the 
features named, by which 8, murchisoni differs from 8, cyclopterus, are among the evolved 
features to be expected in this line of descent from 8, cyclopterus to 8, murchisoni. 

A feature which has received scant attention in the study of the evolution of Spirifers 
is the strengthening of the muscular impressions in the pedicle valve. This strengthening is 
due to the fact that the cavities on the interior of the valve between the dental lamelkB and 
latero-umbonal portion of the shell are filled in, or calloused, toward maturity, so that in internal 
molds the clean-cut incisions of the lamellae are absent and the musculature assimies a pon- 
derous appearance well typified by Hall's 8pirifer arrectus ( = iS. murchisoni Castelnau and the 
corresponding European 8. primaews Steininger). As the developing of the shell callosity is 
a feature of maturity or senility, ai^d the arrectus type of musculature may develop in the 
senile stage in Spirifers where it is not in earlier stages normal, this characteristically deeply 
impressed musculature may be regarded in the light of a feature of maturity or senility in 
evolution. The early forms of 8pirifer cyclopterus have a nonimpressed musculature and dis- 
tinct dental lamellae; the later 8, murchisoni has normally the characteristic deeply impressed 
musculature, shell callosities, and absence of the incisions left on internal molds by the dental 
lamellae. Between these forms so distinct are intermediate types in which specimens of 
undoubted 8, cyclopterus affiliation have the shell callosities and thick impressed musculature 
either only at maturity or else beginning rather early in the life of the individual. The fact 
that a large number of the Chapman specimens of 8pirifer cyclopterus have a very strongly 
impressed musculature shows them to be near the mature or senile stage of the species, and 
the fact that these specimens are much later than the first appearance of 8. cyclopterus (Coey- 
mans limestone) is shown abo by yoimg specimens having seven lateral plications. Forms with 
only five ribs in the young or at maturity are extremely rare. Among the Chapman speci- 
mens are many individuals tending toward 8pirifer murchisoni in the transversely extended 
outline. One or two specimens have square or acute hinge extremities as in iS. murchisoni. 
The not uncomimon deepening of the musculature impression also recalls 8, murchisoni, but 
in the latter the musculature is relatively broader.* The strong ribs, sometimes subangular, 
especially on the internal mold, are also an approach toward 8. murchisoni. On the whole it 
may be concluded that the Chapman specimens of 8pirifer cyclopterus indicate a stage of evolu- 
tion much nearer the Oriskany 8, murchisoni than the ManUus or Coeymans 8. vanuxemi, 

1 This WB8 Indicated by Shlmer (op. cit., p. 24S), who states abo that the internal mold of the plications is less pronounced in S. eyclopteniM 
than in ^9. mfiniMtoni, a condition that is reversed in the Chapman specimens. 
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From what has been indicated of the variation of the Chapman specimens of Spirifer 
cyclopterus toward S. murchisonij it might be presumed that there is some doubt attending 
their identification with S. cyclopterus, but this is by no means true. The great bidk of the 
specimens are most typical of S. cyclopterus, and those, relatively very few, individuals which 
in one or two features vary toward 8. murchisoni agree with 8. cyclopterus in their main features, 
besides being associated with normal forms. 

European equivalent of 8pirifer cyclopterus. — It will at once be recognized that 8pirifer 
cyclopterus is hardly distinguishable from many forms of 8. hystericus Schlotheim, the fossil 
which, with 8, primsevus, is the characteristic species of the Taimusian or Siegen graywacke. 
However, so variable is the specific assemblage designated 8. hystericus by authors that it is 
very difficult to define satisfactorily the limits of the species or even to recognize which of 
the variable forms was intended by Schlotheifn as the type. According to Scupin,* "As a 
rule the greatest width, which is along the hinge line or rarely somewhat below it, is only about 
double the length of the shell; however, by the pennate elongation of the lateral portions, 
the width may be as much as six or more times the length.'' 8pirifer cyclopterus in complete 
imcrushed specimens is practically never twice as broad as long, the width, in fact, rarely 
exceeding IJ times the length. The maximum width is normally below the hinge Une and the 
cardinal extremities are rounded; only very rarely do "sports'* occur with the maximum 
width at the hinge line. Such "sports" seem to be the normal form in 8. hystericus. The 
number of ribs in 8. hystericus, according to Scupin,* "varies mostly between nine and thirteen 
on each side, though also passing below these figures." 8pirifer cyclopterus does not have 
more than nine plications, and extremely rarely as many as nine; less rarely eight. The species 
was, in fact, described by Hall as having only five to seven ribs on each side. In spite of 
these differences and a few minor points that would seem to indicate an easy distinction between 
8> cyclopterus Hall and 8. hystericus Schlotheim, there are many European Spirifers, called 
8. hystericus, which seem to be indistinguishable specifically from 8. cyclopterus. Among 
these are 8. hystericus Scupin,' a small form with only six or seven ribs on each side, the ribs 
subangular and about as wide as the interspaces, the greatest width a third the length in front 
of the hinge and equal to about one and two-thirds times the height. This form is almost a 
typical 8. cyclopterus; it is sUghtly more transverse, though no more so than many of those 
specimens of 8. cyclopterus which grade toward 8. murchisoni in this respect. In fact, if 
Scupin's figure is, as there is every reason to believe, a good representation of the original 
specimen, such specimens would with Uttle if any hesitation be referred to 8. cyclopterus were 
they foimd in Helderbergian faunas in America. The specimens do not, however, answer to 
the description of normal 8. hystericus. Compare also 8pirifer hystericus, from the Siegen 
graywacke of Seifen, in the Westerwald, figured by Drevermann.* 

Of the modifications of the Taunusian 8. hystericus^ one, 8pirifer prohystericus Maurer, * can 
not be distinguished from some of the specimens of 8. cyclopterus as represented in the Chap- 
man faima. The German fossil is a large form of 8. cyclopterus, having the musculature well 
developed, but with distinct incisions of the dental lamellae. It has six, seven, or eight suban- 
gular ribs, the sinus angular and fold carinate, and the width normally less than IJ times the 
height in the Freusburg specimens, though it is more elongated transversely in the typical 
Seifen form. The type is homologous with the form of 8. cyclopterus prevalent in the Oriskany 
of Glenerie, Ulster County, N. Y. 

1 Scupin, Hans, Die Spiriferen Deutschlands, p. 13, 1900. That Spirifer hyttericus is normally a transversely elongated species with acute 
cardinal extremities and with the width about twice the height or more is not only indicated by Scupin's explicit description and some of his 
figures, but may also be seen by a glance at Drevermann's figures 1, 2, 5, 7 (Palaeontographica, vol. 50, pi. 30, p. 263, 1004) of S. hyHeriau from the 
Siegen graywacke about Seifen, in the Westerwald. 

> Idem, p. 13. 

3 Idem, pi. 1, fig. 3. 

4 Falaeontographica, vol. 50, p. 253, figs. 3, 4, 6 (not figs. 1, 2, 5, 7), 1904. 

ft Die Fauna des rechtsrheinischen Unterdevons, p. 19, Darmstadt, 1886. Scupin (op. eft., p. 15, pi. 1, figs. 9 and 10 a~d) takes the liberty to 
change the name to 8. aubhpHeriau. The species is from the Taunusian or Spirifer primsevus tone of Seifen, near Dierdorf, and also at FreusbuxK. 
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The ^^Spirifer mercuriV^ Gosselet, from the Gedinnian, bears a strong resemblance super- 
ficially to small early forms of S. cyclopterus approaching 8. vanuxemi, but the Belgian species has a 
median septum in the pedicle valve * and is therefore not a Spirifer, but belongs rather in the 
Reticularia-Cyrtinopsis-Delthyris group. 

Spirifer murchisoni Castelnau.' 

Plate I, figures 3, 10, 23, 25, 26; Plate II, figure 9. 

* 

of. 1842. Spirifer quichua. D'Orbigny,* Voyage dana rAm^rique m^ridionale, Pal^ntologie, p. 37, pi. 2, fig. 21. 

"Silurian" [Lower Devonian]: Chuquisaca, Bolivia, 
not 1843. Spirifer (Cyrtia) murchisoniantLS. De Koninck, D'Omalius d' Halloy, Precis ^l^mentaire de g^logie, p. 523. 
1843. Spirifer murckisoni. Castelnau, Essai sur le syet^me silurien de 1' Am^rique septentrionale, p. 41, pi. 12, figs. 1-2. 

Schoharie, N. Y. 
1846. Spirifer hawhinsii. Morris and Sharpe, Geol. Soc. London Quart. Jour., vol. 2, p. 276, pi. 11, fig. 1. 

Devonian: Falkland Islands. 
1859. Spirifer arrectus. Hall, Paleontology of New York, vol. 3, p. 422, pi. 97. 

Oriskany sandstone: Throughout New York State and at Cumberland, Md. 

1862. Spirifera arrecta, Hitchkock, Portland Soc. Nat. Hist. Proc., vol. 1, pt. 1, p. 79. 
Orifikany sandstone: Parlin Pond to Aroostook River, Maine. 

1863. Spirifera arrecta. Billings, Geology of Canada, p. 960, fig. 466. 
Oriskany sandstones: North Cayuga, Canada (p. 361). 

1868. Spirifera engelmanni (not Meek, 1860). Meek and Worthen, Illinois Geol. Survey^ vol. 3, pi. 8, figs. 7a, 7d (not 

fig. 6). 
Oriskany siliceous limestone: Union County, lU. 
1874. Spirifera cycloptera. Billings, Paleozoic fossils, vol. 2, pt. 1, p. 48, pi. 3a, figs. 4, 4a (not ? figs. 4b, 4c). 
Gaspe limestone No. S : Grande Greve and Indian Cove, Gaspe, and Split Rock, Perce, Quebec. 

1876. Spirifer arrecius. Barrett, Lyceum Nat. Hist. New York City Annals, vol. 11, p. 297. 
Oriskany: Bennett's quarry. Port Jervis, N. Y. 

1877. Spirifer arrectus. Barrett, Am. Jour. Sci., 3d ser., vol. 13, p. 387. 

"Trilobite beds" * belonging to the Upper Pentamerus division: Bennett's quarry, near Port Jervis, N. Y. 
1879. Spirifera derhyii. Rathbun, Boston Soc. Nat. Hist. Proc., vol. 20, p. 26. 

Devonian: Rio Maeciuru and Rio Curua, Para, Brazil. 
1882. Spirifer arrectus. I. C. White, Pennsylvania Second Geol. Survey Rept. G6, p. 123. 

Oriskany limy shales: South of Carpenters Point, Pike County, Pa. 

1882. Sjyirifera arrecta. Stevenson, Pennsylvania Second Geol. Survey Rept. TT, pp. 86, 103, 132, 148. 
Oriskany, Hyndman section: Exline road, King Township, and Bedford Springs, Bedford County, Pa. 

?1883. Spirifera cycloptera (not ?Hall). Ells, Canada Geol. Survey Rept. Progress for 1880-1882, pp. 9DD, 14DD. 
Upper Gaspe limestone (Oriskany): Perce Rock, the Blowhole, Indian Cove, Grande Greve, and Little Gaspe, 
Gaspe Bay, Quebec. 

1883. Spirifera arrecta. Hall, New York State Geologist Second Ann. Rept., pi. 58, figs. 24-27. 
Oriskany sandstone: Albany County, N. Y. 

1883. Spirifera arrecta. I. C. White, Pennsylvania Second Geol. Survey Rept. G7, pp. 297, 305, 346. 

Oriskany (cherty beds): Grove Bros. 'tunnel. Cooper Township, and along the road in eastern part of Mahoning 
Township, Montour County, Pa. ; Upper Augusta Township, Northumberland County, Pa. 

1884. Spirifera raricosta (not Conrad). W^alcott, U. S. Geol. Survey Mon. 8, p. 135, pi. 4, fig. 2 (not ^g. 2a; not pi. 
14, fig. 12). Lower Devonian limestone: Lone Mountain, 18 miles northwest of Etireka, Eureka district, Nev. 

1884. Spirifer arrectus. Ewing, Pennsylvania Second Geol. Survey Rept. T4, p. 431. 

Oriskany coarse-grained sands with calcareous cement: Alexander quarry, between Julian and Unionville, 
Center Coimty, Pa. 

1885. Spirifera arrecta. I. C. White, Pennsylvania Second Geol. Survey Rept. T3, pp. 119, 274. 
Oriskany coarse sandstone: Sand Ridge, Mapleton, Huntingdon County, Pa. 

?1885. Spirifera cycloptera (?not Hall). Ells, Canada Geol. Survey Rept. Progress for 1882-1884, p. 24E. 

Gaspe limestone No. 8: Grande Greve, Gaspe Bay. 
1887. Spirifera arrecta. Ami, Canada Geol. Survey Ann. Rept., new ser., vol. 2, p. 9N. 

Oriskany slates and sandstones: Campbell River, at mouth of the Don, New Brunswick. 
1889. Spirifera arrecta. Clay pole, Pennsylvania Second Geol. Survey Rept. 03, p. 151. 

Oriskany sandstone: Grove* Bros.' lime quarry, Montour County, 3^ miles from Rupert, Columbia County, Pa. 
1889. Spirifera arrecta. Schuchert, New York State Geologist Eighth Ann. Rept., p. 53. 

1 See Oosaelet, J. A. A., Esquisse g^ologique du Nord de la France, pi. 1, fig. 8, 1880. 

* Does not occur in the Chapman fauna. See remarks on p. 86, which likewise apply to this species. 

s This species is a pauciplicate form closely resembling Spirifer mturekiaoni and may prove to he identical with the paucipUcate form of that 
species. 

* These are now called the Dalmanites dentatus zone. They represent a horizon between the Port Ewen limestone (No. 6 of Barrett's section) 
and the Oriskany, and are commonly included with the Oriskany. 
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1889. Spinfera arrecta. Simpson, Pennsylvania Second Greol. Survey Bept. 03, p. 208. 
Oriskany: Cumberland, Md.; New York; and at Cayuga, Canada West. 
OriBkany sandstone: Sandy Ridge sand quarry, south of Blackleg Creek. 

Oriskany lime-sand beds: South end of Royers Bidge, and on Royers Ridge, north of the road crosEdng. 
Both localities at Orbisonia, Huntingdon County, Pa. 

1892. Spinfer arrectus, Clarke, Am. Jour. Sci., 3d ser., vol. 44, p. 413. 
Oriskany hard cherty limestone: Becraft Mountain, Columbia County, N. Y. 

cf. 1892. Spirifer pp. a. Ulrich, Neues Jahrb., Beilage Band, vol. 8, p. 67, pi. 4, fig. 22. 

Lower Devonian (with Leptocoslia flahellites): Totora, Bolivia, 
cf. 1893. Spirifer vogeli. Von Ammon, Gesell. Erdkunde Berlin Zeitschr., vol. 28, p. 362, fig. 6. 

Devonian: Taquarassu, Matto Groeso, Brazil. 

1893. Spirifer arrectus. Hall and Clarke, Paleontology of New York, vol. 8, pt. 2, pp. 17, 19, 37, pi. 33, figs., 24-27. 
Oriskany sandstone: Albany County, N. Y. 

1894. Spirifer arrectus. Darton, Geol. Soc. America Bull., vol. 5, p. 375. 

Oriskany quartzite ["Newfoundland grit" or Kanouse standstone]: Kanouse, 750 yards northeast of the depot 
at Newfoundland, N. J. 
?1895. Spirifera arrecta. Ami, Canada Geol. Survey Ann. Rept., new ser., vol. 6, p. 15Q. 

Nictau beds: Nictau, Nova Scotia. 
1897. Spirifer murchisoni. Schuchert, U. S. Geol. Survey Bull. 87, p. 398. 

Oriskany: Schoharie and Albany counties, N. Y.; Cumberland, Md.; Cayuga, Ontario; near Totora, Boll\'ia. 

1897. Spirifer rvarthenantu (pars). Schuchert, idem, p. 409. 
Oriskany: Union County, 111. 

cf. 1897. Spirifer antarcHcus (not of Morris and Sharpe). Kayser, Deutsch. geol. Gesell. Zeitschr., vol. 49, p. 297, pi. 9, 
fi^. 1, 2, 4 (fig. 3 approaches normal S. murMsoni). 
Lower Devonian: Jachal Valley, Argentina. 

1898. Spirifer arrectus s. str. (pars). Scupin, idem, vol. 48, p. 463, pi. 17, figs, la, lb. 

Lower Devonian: Chuquisaca, Bolivia (figured specimens); New York. (Not South Africa.) 

1898. Spirifer arrectus var. antarcticus (pars). Scupin, idem, p. 464, pi. 17, figs. 2a, 2b, not figs. 3a, 3b [Spirtfer chtuiuisaea 

Ulrich, 1892, or the apparently identical Spirifer boliviensis D'Orbigny, 1842], and not figs. 4a, 4b [Spirtfer 
capensis Von Buch?]. 
Oriskany: New York, 
cf. 1898. Spirifer arrectus var. hawhirisii (not Morris and Sharpe). Scupin, idem, p. 465, pi. 17, figs. 5a, 5b. 

Lower Devonian: Tela (figured specimen) and Totora, Bolivia (Ulrich); Jachal Valley, Argentina (Kayser). 

Not Falkland Islands shells. 

1899. Spirifer arrectus. Prosser, New York State Geologist Seventeenth Ann. Rept. (for 1897), p. 341. 
Oriskany sandstone: Countryman Hill, Helderberg Mountains, N. Y. 

1900. Spirifer arrectus and S. *'cyclopterus Billings." Williams, U. S. Geol. Survey Bull. 165, pp. 89, 92. 
Moose River sandstone: Parlin Pond and Brassua Stream, Somerset County, Maine. 

1900. Spirifer murchisoni. Schuchert, Geol. Soc. America Bull., vol. 11, pp. 294, 311-312, 315. 

Oriskany and (?) Helderbeigian: Potts Grove, Northumberland County, Pa. ; Newry, Blair County, Pa. ; Eeyser, 
Mineral County, W. Va.; also in Pendleton County, W. Va., on the north fork of the South Branch of Potomac 
River. 

1900. Spirifer miarchisoni. Clarke, New York State Mus. Mem., vol. 3, No. 3, pp. 46, 74, 76, 77, pi. 6, figs. 26-30. 
Oriskany siliceous limestone: Becraft Mountain, Columbia County; near Kingston, on the West Shore Railroad, 

half a mile southeast of Rondout Creek, in Ulster County, N. Y., Cuddebackville to Port Jervis, Orange County, 
and on West Mountain, Schoharie, N. Y. 

1901. Spirifer arrectus. Prosser, New York State Geologist Eighteenth Ann. Rept., p. 59. 
Oriskany dark-gray calcareous sandstone: Altamont section, Helderberg Mountains, N. Y. 

?1901. Spirifer murckisani. Schuchert, Am. Geologist, vol. 27, p. 249. 

Upper Oriskanian: ' St. Helens Island, Montreal, Canada. 
1903. Spirifer murchisoni. Weller, Paleontology of New Jersey, vol. 3, pp. 94, 95, 97, 102, 329, 354. 

Dalmanites dentatus zone, or lower Oriskany (siliceous limestone): Trilobite Ridge, Peters Valley, N. J. 
Orbiculoidea jervensis zone, or middle Oriskany (siliceous limestone):' Werden farm, Nearpass district; also at 

the first crossroad over Wallpack Ridge, 3 miles 60uth of New York State line; and at the second road, 5 miler 

south of the State line; New Jersey. 
Spirifer murchisoni or upper zone of Oriskany (siliceous limestone beds): Werden farm, Nearpass district; IJ 

miles north of Layton; three-fourths of a mile west of Lay ton, on the road to Dingmans; also at Peters Valley, 

about half a mile east of Flatbrookville, and in the sandstones forming the top of the Oriskany, three-fourths 

of a mile north of Peters Valley, N. J. 

1 In 1910, upon critical study of the breccias of 8t. Helens Island, I fafled to discover any true representatives of the species Spirifer murtkitonL 
Specimens of Splrlfers presenting the characters of both 8. gtuptMit and 8. cumberlandica were found In the limestone fragments with 8. arenoaut. 
These have the deeply impressed musculature of the pedicle valve, giving, in molds, the characteristic tonguelike projection seen in 8. mwcMaoni, 
but no specimens presenting the typical characters of that species were seen. See Williams, H. 8., Fossil faunas of the St. Helens breccias: Roy. 
Soc. Canada Trans., 3d ser., vol. 3, p. 224, 1910. 
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?1903. Spirifer maerothyris (pare). Weller, idem, pp. 105, 375, pi. 52, fig. 3 (not figs. 1, 2). 

Newfoundland grit: Newfoundland, N. J. 
1903. Spirifer mmckiioni. Van Ingen and Clark, New York State Mus. Bull. 69, pp. 1202, 1203, 1207. 

Oriskany arenaceous limeetones: Glenerie and Rondout, N. Y. 
1903. Spirifer derhyi. Katzer, Geologie dee unteren Amazonaagebietee, p. 274, pi. 11, fig. 3. 

Spirifer sandstone: Rio Maecuru and Rio Curua, Para, Brazil. 
1905. Spirifer arreetus. Harris, Guide to the geology of Union Springs, p. 4, pi. 13, fig. 3. 

Oriskany sandstone: Yawger's Woods, Union Springs, N. Y. 
cf. 1905. Spirifer antarcticus (not Morris and Sharpe). Thomas, Deutsch. geol. Geeell. Zeitschr., vol. 57, p. 267, pi. 
13, figs. 22 (?), 23-25. 
Devonian: Cerro del Agua Negra, on the road to Gualilan, Argentina. 
1905. Spirifer mtarMsani, Clarke, New York State Mus. BuU. 80, pp. 140, 143, 145, 148, 149, 151, 169. 
Perce limestone: Blowhole and Perce Rock, Quebec. 

Grande Greve limestones, or divisions 7 and 8 of the Gaspe series, Mount St. Anne, Barre Brook, and other locali- 
ties on the north shore of Gaspe Bay, Quebec. 
1905. Spirifer mtwehisoni. Shimer, idem, pp. 205, 206, 227-229, 234, 251, 265. 

Port Ewen blue limestone; Port Ewen-Oriskany transition siliceous limestone in coarse shaly beds; Lower 
Oriskany, with Dalmanites dentatua (dense blue limestone); Oriskany zone with Orbiculoidea jervensia (dark- 
blue heavy-bedded siliceous limestone); upper Oriskany or Spirifer murchisoni zone (dark-blue dense lime- 
stone): Trilobite Mountain, N. Y. 
1905. Spirifer mwrdMoni. Williams and Kindle, U. S. Geol. Survey Bull. 244, pp. 34, 39, 43, 48. 

Lewistown limestone [in beds of late Helderbeigian age]: Cliff on river bank, half a mile below iron furnace, 

Covington, Alleghany County, Va. 
Oriskany coarse sandstone: Rear of Alabama Row, White Sulphur Springs, W. Va.; half a mile southeast of the 
iron furnace, Jackson River, Covington, Alleghany County, Va. ; half a mile west of Clifton Forge, Alleghany 
County, Va. 

The species Spirifer murchisoni is a plicated Spirifer, of medium to large size, having rather 
transversely extended outline, five to eight simple ribs on each side of the simple fold and 
sinus, and a characteristic strongly impressed musculature. 

Hinge line straight, equal to the greatest width of the shell; hinge extremities angular, gen- 
erally acute, occasionally rectangular, very rarely a little rounded, occasionally slightly auricu- 
late. The width in the brachial valve is about twice the length. In the pedicle valve, on 
accoimt of the prominent umbone, the width is less than twice the length. 

A series of specimens shows the following dimensions: 

Dimensions of specimens of Spirifer mtirchisoni. 



No. 


Specimen. 


Length (mil- 
limeters). 


Width (milli- 
meters). 


Locality. 


1 
2 


Brachial valve — 
do 


17i 
16 
23 
15i 
22 
18 
26i 
28 
16 
16} 
21 
18} 
19 
. 16(?) 
16 
25 
25 
18 
29 
29 
29 
24 


38 

33 

45 

30 

42 

36 

56 

50 

30 

29 

33 

32 

36 

35 

29 

43 

44i 

32 

56 

46 

48 

48 


Eastern New York (drift in Staten Island). 
Do. 


3 

4 


do 

do 


Glenerie, N. Y. (5122-6). 
Detroit. Maine (5112-8). 


5 


do 


Detroit, Maine (5111-6). 


6 


do 


Detroit, Maine (5113-6). 


7 
8 
9 


do 

Pedicle valve 

do .'. . 


Union Springs, N. Y. Cornell University collection. 

Do. 
Detroit, Maine. Princeton collection. 


10 


do 


Detroit, Maine (5113-7). 


11 


do 


Detroit, Maine (5113-3). 


12 


do 


Detroit, Maine (5113-2). 


13 


do 


Detroit, Maine (5113-4). 


14 


do 


Detroit, Maine (5113-1). 


15 


do 


Detroit, Maine (5111-4). 


16 


do 


Detroit, Maine (5109-3). 


17 


do 


Eastern New York (drift from Staten Island). 


18 


do 


Do. 


19 


do 


Do. 


20 

21a 

21b 


do 

do 

Brachial valve — 


Glenerie, N. Y. (5122-1). 
Glenerie, N. Y. (5121-9). 

Same shell as 21a. This represents the normal and typical 
outline. 
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The two valves are about equally convex. The longitudinal profile of the pedicle valve 
makes an unsymmetrical curve; its greatest convexity (one-fourth to one-third the length) is 
at about two-fifths the distance from beak to front; beak prominent, arching over the hinge 
line, strongly incurved, so that the tip is not the posterior point of the shell; cardinal area of 
medium height, curved, approaching the plane of the margin; delthyrium acute, its sides 
forming an angle of 60® or more. On the interior of the pedicle valve the teeth are well devel- 
oped and are supported by dental lamellae, which occupy, as in 8. cyclopterus, the second groove 
or the second plication from the median sinus. The shell is greatly thickened outside of the 
lameUse by a secretion of shelly matter on which the ovarian pits are commonly strongly 
impressed. As a result of this thickening the dental lamellse do not leave the usual incision in 
the internal mold, but the musculature, which, in the shell, is sunk in the cavity between the 
lameUae, assumes on the internal mold the character of a very conspicuous, highly elevated 
tongueUke projection, a feature which suggested the name Spirifer arrectus given to the species 
by Hall. Li the New York shells the musculature occupies usually more than half the length 
of the valve. In those from Detroit, Maine, it is proportionately smaller. The width of the 
musculature is generally about one-fourth less than its length; the outline is ovate or pentagonal, 
with the greatest width in front of the middle. The adductor scars are indefinable ; the diductors 
are coarsely striated and ribbed longitudinally. The median sinus of the valve is continued 
through the musculature. There is also a fairly conspicuous pedicle cavity back of the mus- 
culature. The brachial valve is of nearly equal convexity to the pedicle valve and occasion- 
ally even a little more convex. The longitudinal profile is rather arcuate, abruptly and strongly 
incurved at the beak and elevated in front by the lingual projection of the sinus of the pedicle 
valve into the fold of the brachial valve. The transverse profile is low-carinate. The greatest 
depth of the valve is just back of the center and is equal to one-fourth or very commonly to one- 
third of the length. On the interior of the brachial valve the thin median septum or elevated 
line extends haU the length or a trifle more. The musculature is not impressed. The cardinal 
process is simple, radiately striate (12 to 15 striations may be counted on the Detroit speci- 
mens). The crural processes are not cemented to the bottom of the valve, and the incisions 
left on the internal molds by the cemented portion in S. cyclopterus are therefore not discernible 
in the internal molds of the present species. 

On each side of the simple fold and sinus there are (in the Maine specimens) usually five or 
six, rarely seven plications; the outermost one is obsolescent, and the lateral extremities are 
smooth. The plications are strongly elevated, rounded, and broader than the interspaces. 
The sinus in the pedicle valve is low, with a broad, flat space in the bottom. The width of the 
sinus is equal to or less than that of the two bounding ribs on each side; in many specimens the 
sinus is only as wide as one of the bounding ribs. Not unconunonly the rib bordering the 
median sinus is weaker than the adjacent ribs, and in such forms the sinus is generally narrow. 
The front of the sinus is extended as a tonguelike projection up into the fold of the brachial 
valve. This fold is strongly elevated, sometimes extremely so, depending on the amount of 
upward extension of the sinus. The fold is occasionally equal in width to the two bounding 
ribs on either side, but is commonly not quite so wide. Rarely there is a very obscure indication 
of a faint median riblet in the sinus of the pedicle valve. The finer surface ornamentation 
consists of closely set, inconspicuous concentric lamellae crossed by very fine radiating lines. 
The latter may be continuous over or interrupted in crossing the concentric lamellae, depending 
on the strength of the latter. The size of the specimens from Detroit has already been indicated. 
The largest specimen (No. 16 in the foregoing table) is 25 by 43 millimeters; the smallest speci- 
men is 10 by 18 millimeters. 

LocaUty: Moose River sandstone, abundant at Detroit (locality 1100 A); also at Big 
Brassua Lake (locality 1062 A'); both in Somerset County, Maine. No shells of the Spirifer 
murchisoni-primasviis type occur in the (3iapman fauna. 

U. S. National Museum, catalogue Nos. 59741, 69742. 

Comparison with New YorTc specimens, — The general characteristics of this common Oris- 
kany species are well described by Hall * under the name Spirifer arrectus. Further descrip- 

1 Paleontology of New York, vol. 3, p. 422, pi. 97, 1850. 
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tion is given by Clarke,* with illustration of the surface markings. In Clarke's paper the pro- 
priety of recognizing the name S. murchisoni proposed by Castelnau ^ is well stated. Clarke 
has also called attention to a paper by Scupin,' in which the distribution and variation of the 
form are thoroughly discussed. The specimens from Detroit, Maine, present the prominent 
characters of the species but show a smaller range of variation than is to be noticed in the 
New York specimens taken as a whole. 

The 60 specimens in the Survey collection are in size rather below the average of speci- 
mens from the faunas of New York and Maryland. The largest specimen is 25 millimeters 
long and 43 millimeters wide. Two specimens (brachial valves) may be selected as representing 
the average dimensions and variation : 

Specimen No. 5382-3, 37.5 millimeters wide, 28.8 millimeters long. 
Specimen No. 5382-1, 37.8 millimeters wide, 22.6 millimeters long. 

Both of these specimens are apparently undistorted by pressure. The length from beak 
to front of pedicle valves is greater than the length of brachial valves of the same size, on 
account of the prominent overarching beak. The convexity of the valves is approximately 
the same, and the number of plications is normally six on each side of the median fold of the 
brachial valve; six plications bound the sinus of the pedicle valve and occasionally there is a 
faint trace of a seventh on the cardinal angle when this is extended and well preserved. 

On several of the specimens the plication next to the sinus of the pedicle valve is distinctly 
less strong and less elevated than the next adjoining plication. The bottom of the sinus in 
well-preserved molds of the exterior is distinctly flattened for a width of about IJ millimeters; 
otherwise all the plications, as well as the grooves between them, are evenly rounded. The 
median fold of the brachial valve is narrower and less elevated than in the New York Oriskany 
shells, a difference due partly to smaller size. The muscular scar on the interior of the pedicle 
valve is narrower and more angular than in typical forms from New York. 

The specimens from the Moose River sandstone are specifically the same as the smaller 
specimens of S. arredus Hall from the New York-Appalachian Oriskany. 

Varieties of Spirifer murchisoni. — Scupin * has divided the American forms of Spirifer 
murchisoni into two * Varieties." The first form, to which the name S. arredus Hall* was 
given, Scupin characterized as being strongly inflated, with high, keel-like or rounded fold, 
and correspondingly deep sinus. Scupin here includes the following forms: 

Spirifer arrectus. Hall, Paleontology of New York, vol. 3, p. 422, pi. 97, figs. 1 (except le and If), 1859; idem, vol. 8, 

pt. 2, pi. 33, figs. 24, 26 (not fig. 25), 1893. 
Spirifer antarcticus. Sharpe, Oeol. Soc. London Trans., vol. 7, p. 206, pi. 26, fig. 1, 1856. 
Spirifer orbiffnyi. Sharpe, idem, p. 207, pi. 26, fig. 3. 

The second ' * variety,*' in Scupin's interpretation,' includes a ' * less inflated form with lower 
fold and flat sinus*' and comprises the following forms: 

Spirifer antarcticus. Morris and Sharpe, Geol. Soc. London Quart. Jour., vol. 2, p. 276, pi. 11, fig. 2, 1846. 

Spirifer orbiffnyi. Morris and Sharpe, idem, p. 276, pi. 11, fig. 3. 

Spirifer capensis. Von Buch, K. Akad. Wiss. Berlin Abh., fig. 1, 1846. 

Spirifer antarcticus. Sharpe, Geol. Soc. London Trans., 2d ser., vol. 7, p. 206, pi. 26, figs. 2 and 5 (not 1), 1856. 

Spirifer orbifjnyi. Sharpe, idem, p. 207, pi. 26, figs. 4, 6 (not 3). 

Spirifer arrectus. Hall, Paleontology of New York, vol. 3, pi, 97, figs, le and If, 1859. 

Spirifer chuquisaca. Ulrich, Neues Jahrb., Beilage Band, vol. 8, p. 65, pi. 4, figs. 19, 20, 1893. 

Spirifer antarcticus. Kayser, Deutsch. geol. Geeell. Zeitschr., vol. 49, p. 297, pi. 9, figs. 1-4, 1897. 

To his second '^variety" Scupin applied the name antarcticus of Morris and Sharpe. 
It so happens that these ** varieties" are of some value, but in a sense somewhat different 
from that suggested by Scupin. The forms of Spirifer murchisoni from Glenerie, N. Y.,^ repre- 

>-New York State Mus. Mem., vcd. 3, p. 46, pi. 6, figs. 25-30. 1900. 

* Systtoiesilurien del'Am^rique, p. 41, pi. 12, figs. 1, 2, 1843. 
t Deutsch. geol. Qesell. Zeitschr., vol. 60, p. 402, 1899. 

*■ Scupin, Hans^ Ueber exotische, cur gruppe des Spirifer prim«tm» gehOrige Formen: Deutsch. geol. Geaell. Zeitschr., vol. 53, pp. 402-467, 1898. 

* See Paleontology of New York, vol. 3, p. 97, all figures excepting figs, le and If, 1859. 

* Scupin, Hans, op. dt. . p. 463. 

T This locality has become well known through the efforts of Gilbert Van Ingen, who has worked out a large series of sUicified shells from the 
Oriskany there. See his report, The Oriskany fauna of Glenerie, Ulster County, N. Y.: New York State Mus. Bull. 69, pp. 1199-1238, 1903. See 
also Clarke, J. M., New York State Mas. Mem.« voL 3, No. 3, pp. 74-75, 1900. A suite of specimens kindly furnished by Dr. Van Ingen has been of 
value in the discussion of several 8i>ecies in the present paper. 
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sent typically Scupin's first form or ** variety" arredus, and the forms of Spirifer murchisoni 
from Union Springs, N. Y., represent typically his second form, var. antarcticus. In this second 
fonn, however, specimens with a high fold and deep sinus, supposedly characteristic of the first 
variety are common; and vice versa, in the first form from Glenerie, many specimens with a 
lower fold and shallow sinus, supposedly characteristic of the second variety, have heen observed. 
The development of fold and sinus can not, therefore, be considered a distinctive criterion ; and 
convexity of the valves is an equally or even more interchangeable character. The inadequacy 
of Scupin's distinctions between the two forms has already been indicated by Clarke,* who 
considers '4t practically certain that these differences are altogether fugitive." This conclusion 
certainly seems proper; but Scupin's two '* varieties" as indicated may be retained to some 
extent on other grounds. 

The first form, or variety arrectu8 Hall (per Scupin), is a type characterized by only five 
or six lateral plications. The outline is conmionly a trifle less transversely extended than 
in the second form and the shells are commonly a trifle smaller. This form occurs at Glenerie, 
N. Y., and in Maine, as well as at Nictau, Nova Scotia, and is characteristic of the finer-gained 
rocks. The second form, the so-called variety antarcticus of Scupin, is characterized by seven 
or eight lateral pUcations. This form occurs in the coarser Oriskany sediments, as at Union 
Springs, N. Y., and at Cumberland, Md. 

These two forms are not persistently sharply differentiated, at least not sufficiently so to 
warrant distinct specific names. At most localities intermediate forms occur. At Carlisle, 
N. Y., and probably also at Schoharie, both forms occur together. The distinctions indicated 
in the present paper have been foimd to be more constant and valuable than those suggested 
by Scupin. The gibbosity of the shells and the depth of fold and sinus are features which not 
only have been found to vary most confusedly, but which are also conmionly dependent on 
modes of preservation of the fossils; at best they are only incidental characters. On the other 
hand, the number of ribs, the size, and the relative extension transversely are features of evo- 
lutional value in the Spirifers; moreover, they are not affected by conditions of preservation, 
and, most important of all, they are least variable among specimens associated in a single 
faunule. 

Geologic range. — Spirifer murchisoni represents a development of Spirifer which appears 
to be restricted to rocks ranging from the late Helderbergian through the Oriskany or Lower 
Coblenzian faunas. It is represented in the Lower Devonian of Europe, South Africa, and 
South America, and practically at all places in North America where rocks of this age occur. 
In different regions different names have been given to Spirifers of this type. A close study 
of these will be of some value. 

Similar forms in North America. — ^The Spirifer cycloptems of Hall, the ancestral form of 
Spirifer murchisoni, has already been discussed. It is typically smaller, with rounded, less 
sharp cardinal extremities and a less transversely extended outline. On the interior the crural 
processes have been observed to be cemented to the bottom of the brachial valve for about 
1 millimeter in S. cyclopterus; in S. murchisoni the crural processes are free. In S. murchisoni 
the musculature is always deeply impressed; in S. cyclopterus typically not so. The fold and 
sinus commonly are relatively wider in S. cyclopterus than in 5. murchisoni. Spirifer cyclop- 
terus ends in the uppermost Helderberg and Oriskany, where Spirifer murchisoni begins. 

Spirifer duodevarius Hall, which also presents close affinity with Spirifer murchisoni, 
has the sharp cardinal extremities, transversely extended outline, six or seven rounded ribs, 
and strong musculatiire of S. murchisoni, but differs in having a narrower cardinal area in the 
pedicle valve. In the present paper attention has been called to the weakening of the rib 
bounding the median sinus and the frequent narrowness of fold and sinus in S. murchi- 
soni. These are normal features of Spirifer duodenarius, in many specimens of which the 
median fold is not much wider than the bounding ribs. The musculature is a little less 
strongly impressed in S. duodenarius than in S. murchisoni. The latter begins in the upper- 

t Clarke, J. M., Oriskany fauna of Beoaft Mountain, Columbia County, N. Y.: New York State Mus. Mem., vol. 3, No. 3, p. 47, 1900. 



MOLLUSCOIDEA. : *. •., 101 

most Helderbergian and ranges through the faunas of Oriskany ^d Jb^wer Coblenzian type; 
Spirifer duodenarius is reported from the Schoharie grit and Moose River 5ajid3tone and ranges 
through the*' Comiferous/' \y/\ 

Spirifer liemicyclus Meek and Worthen,* from the Oriskany faima of HtiAob, has been 
regarded as a synonym of Spirifer murchisoni, but imder this name Meek and Wortben have 
included two apparently very distinct species. . ,•'/ '; 

Spirifer Jiemicyclus is a species of the same size and the same proportion of width to te&glli 
as S. murchisoni, but it has ten to twelve angular ribs on each side of the median fold aiid' 
sinus, compared with five to eight in S. murchisoni; its cardinal area is very high and almost 
perpendicular, whereas in S. murchisoni the cardinal area is of medium height and approaches 
the plane of the margin; and the width of the fold or sinus is equal to that of the three or four 
boimding ribs, compared with only two or less in S, murchisoni. However, the second form 
of Spirifer, which was doubtfully believed by Meek and Worthen * to be identical with S. hemi- 
cydus, is quite distinct and presents the normal aspect of Spirifer murchisoni, with which it 
ought to be identified. This second species should be regarded as fixing the occurrence of 
Spirifer murchisoni in the beds in Illinois (Union County) which carry Oriskany fossils. Like 
the true Spirifer hemicydus of Meek and Worthen their Spirifer engdmanni {=^ Spirifer wortJien- 
anus Schuchert), which has also erroneously been regarded as an equivalent of S, murchisoni, 
y^ quite distinct; it seems to be remarkably similar to the European Spirifer hercynise var. 
primseviformis. 

The shell figured by Walcott and doubtfully referred to Ddthyris raricosta is a true Spirifer, 
having eight ribs on each side and the wide outline and acute extremities characteristic of 
S, murchisoni, from which it can not be distinguished at present. 

If, however, it is foimd to possess a lower cardinal area, it may be referred to S. duodenor- 
rius. Walcott mentions a larger series of specimens from Lone Mountain, Nov., as grading 
from S. raricosta to S. duodenarius. 

South American equivalents of Spirifer murchisoni. — In the Lower Devonian faunas of 
the Falkland Islands, of Argentina, of Bolivia, and of Brazil are many Spirifers showing more 
or less resemblance to Spirifer murchisoni. These Spirifers have been variously identified as 
S. antarcticus, S. orbignyi, and S. hawJcinsii, all three of Morris and Sharps; S. boliviensis and 
S. guichuus of D'Orbigny ; Spirifer chuquisaca and Spirifer sp. a of Ulrich; S. vogdi Von Aumon, 
and S. derbyi Rathbim. Some specimens have been referred to S. duodenarius Hall or to 
S, arredus (^ S. murchisoni). Practically all these are r^arded by Scupin as forms of a single 
species, identical with Spirifer arrectus Hall (=/S. murchisoni Castelnau). 

Under the name Spirifer aniarcticus Morris and Sharpe several paleontologists have grouped 
forms of very different aspect. The Falkland Islands Spirifer originally described as S. antarcticv^ 
is very large, of transversely drawn-out outline (3 J inches wide, 1% inches long in the pedicle 
valve ?), with a very high cardinal area (five-eighths of an inch), strong musculature, ten to 
twelve ribs on each side of the deep fold and sinus, the sinus apparently equal in width to three 
or four lateral ribs, and delthyrium very narrow. This shell does not appear to belong to 
the group Spirifer murchisoni, but rather to the group including S. hercynise Giebel and the 
American equivalents S. gaspensis Billings and S. macrbthyris Hall. This species appears 
in South Africa, and to disentangle the synonymy of S. murchisoni to which these forms have 
been referred the following synonymy of Spirifer antarcticus is given. It is not to be inferred 
that all these ^^synonjrms" represent necessarily one and the same species, but rather that 
they are closely associated in a group by themselves, apart from the murchisoni type here 
imder discussion. 

1846. Spirifer antarcticus. Morris and Sharpe, Geol. Soc. London Quart. Jour., vol. 2, p. 276, pi. 11, fig. 2. 

Falkland Islands, apparently with Leptocalia fiabellites, Orthis [Chonosirophia] tenuis, etc. 
71866. Spirifer antarcticus. Sharpe, Geol. Soc. London Trans., 2d ser., vol. 7, p. 206, pi. 26, figs. 1, 2, 5. 

Warm Bokkeveld, South Africa, with Leptocoelia flabellites. 

1 Meek, F. B., and Worthen, A. H., Illinois Oeol. Survey, vol. 3, p. 399, pi. 8, figs. 6, 7, 1808. > Idem, pi. 8, figs. 7a, 7b. 
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* ■ 

?1856. Spirifer orbignyi (not-^ifoltik and Sharpe). Sharpe, idem, p. 207, pi. 26, figs. 3, 4 (not 6; = Spirifer cf. S. duo- 
deruxrius f ) . - • \ *•"• '• 
Warm Bokk;^xelU, With 8. antarcticus. 
1903. Spirifer prft^^r {not Morris and Sharpe). Keed, South African Mufi. Annals, vol. 4, p. 180, pi. 22, fig. 4. 

FQSBilif^T(A|B* First sandstone, Bokkeveld series: South Africa. 
1903. Spirifer cVS. pedroamu, Keed, idem, p. 183, pi. 22, fig. 5. 

.•^Bjp^fcfeveld series: South Africa. 
XM'I^S?'. Spirifer antarcticus. Kayser, Deutsch. geol. Geeell. Zeitschr., vol. 49, p. 297, pi. 9. 
Argentina. 
. •* ;.^ ;• riot 1898. Spirifer arrecttts var. antarcticus, Scupin, idem, vol. 48, p. 464, pi. 17. 

'. ' Spirifer orhignyi Morris and Sharpe, which was brought back by Darwin from the Falk- 

land Islands, was described as having about ten rounded plications on each side of the median 
sinus, but the three figures of the species show only six to eight ribs. The fold and sinus are 
equal in width to two of the boimding ribs or less, the width is only twice the length, and there 
is a very strong musculature. The figures show a species very similar to Spirifer murchisani, 
if not identical with it. In the description, however, the species is mentioned as having a low 
cardinal area, a feature which would associate the specimens rather with S. duodenarius. As 
the description refers to a species with ten lateral ribs on each side (which is more than ever 
occur in either S. murchisoni or S. duodenarius), S. orbignyi as described by Morris and Sharpe 
must be regarded as a distinct species. These authors mention a faint groove in the fold of 
the brachial valve, which is not, however, figured. It is very unfortimate that the figures of 
the species indicate a form quite different from that suggested by the description. The South 
African Spirifers identified by Sharpe and by Reed as S, orhignyi appear to belong to different 
species. Reed^s figure indicates a Spirifer of the S. gaspensis^mairothyriS'Tiercynise'antarctums 
type. 

Spirifer chuquisaca Ulrich is probably the same as S. holiviensis, a form meagerly described 
and figured by D^rbigny. The species is characterized by a very high cardinal area, which 
is only slightly concave and which approaches the plane of the margin. The width is twice 
the length, the cardinal extremities are acute, and the front-lateral margins are evenly curved. 
The number of ribs on each side averages about six, but increases to seven or eight in the 
larger specimens. The fold and sinus are very deep, and the fold is sometimes grooved. From 
Spirifer murchisoni' this species can easily be distinguished by its higher cardinal area and 
narrower delthyrium, which is less than 60° in the BoUvian species. In the high cardinal area 
S. chuquisaca resembles S, antarcticus, with which it is commonly regarded as a synonym; 
it is, however, a very distinct form of less transversely extended outline. Moreover, the BoU- 
vian species has only six, seven, or eight lateral ribs; Spirifer antarcticus has ten or twelve 
ribs, with narrower interspaces.^ 

Spirifer hawTciTisii Morris and Sharpe has been regarded as a very close ally of Spirifer 
murchisoni and is the type of what Scupin has called a third variety of Spirifer arrectus. This 
third '^ arrectus^* type resembles the first in having only five or six lateral ribs but was supposed 
to differ by the lesser elevation of the fold, shallower sinus, and less gibbous convexity. The 
original species of Morris and Sharpe is a transversely elongated Spirifer of the general S, 
murchisoni proportions and outline but has only four or five lateral ribs. In the original 
description the brachial valve is described as having ''five imbricated ribs on each side [four 
or five shown in figure], the two middle ones acute, prominent, and nearly equal to the mesial 
ridge, which is slightly furrowed; the lateral ribs dimuiish in importance as they approach the 
edge; intervening furrows rather wider than the ridges and rounded." In the cast of the 
pedicle valve the musculature is strongly impressed; only three or four ribs on each side are 
noted. Except that Morris and Sharpe record a groove in the median fold,^ this typical form 
of Spirifer hawTcinsii approaches the Maine shells described in the present paper as Spirifer 
sparsus Clarke. 

In the Lower Devonian of Argentina occurs a shell {Spirifer antarcticus (not Morris and 
Sharpe) Kajrser ^) that is similar to Spirifer hawkinsii in having only four or five ribs, which 

1 Monis and Sharpe's figures show only about eight ribs in 8. antarcticus on each side, but their description mentions ten or twelve. 

I The extent of persistency of this groove or furrow in the median fold of Spirifer hawkimi is unknown. It does not appear to be constant. 

' Deutsch. geol. Gesell. Zeitschr., vol. 49, p. 297, pi. 9, figs. 1, 2, 4 (not fig. 3, which is probably 8. chuqu,i»aca). 



MOLLUSCOIDEA. 103 

increase in width toward the middle, but this shell (fig. 1 of Kayser) lacks the ''mesicostulate'' 
characteristic on fold and sinus and varies toward a shell with five or six pUcations (fig. 2 of 
Kayser) almost identical with the Bolivian fossils called Spirifer sp. a Ulrich* and Spirifer 
quichuus D'Orbigny,' as well as with the form 8. murchisoni occurring at Nictau, Nova Scotia. 
These shells appear to conform with the pauciplicate variety of Spirifer murchisoni. If they 
are really the same species as S, murchisoni the name S. qydchuus D'Orbigny will take preced- 
ence ' over S. murchisoni Castelnau and S. arrectus Hall ; but present knowledge of these South 
American fossils is not sufficient to warrant definitely replacing the name S. murchisoni. 

South African Spirifers of the type of Spirifer murchisoni. — One of the earhest described South 
African Spirifers, Spirifer capensis Von Buch,* has always been regarded as a very close ally 
of Spirifer murchisoni and the Falkland Islands Spirifer aniarcHcus. The species has an 
inflated; very convex umbo in the pedicle valve, a high arched cardinal area, and delthyrium 
about 60° or less; the umbo in the brachial valve is also rather inflated and arched over the 
hinge line (according to Von Buch's figures); the musculature is strongly impressed. Von 
Buch mentions eight or nine broad, rounded ribs each side of the fold and sinus, although his 
figures show ten or eleven. The ribs are rounded, with narrower interspaces; fold and sinus 
roimded, not keeled, very broad. Von Buch states that the sinus is equal in width to one- 
sixth the width of the shell; his figures show the fold and sinus to be equal to three ribs in width, 
and less than a fourth the width of the shell. Scupin, who has examined Von Buch's originals 
in the BerUn Museum fur Naturkimde, states that the sinus is equal in width to four and one- 
half of the boimding ribs. Spirifer capensis Von Buch may be distinguished from S. mur- 
chisoni by its more numerous ribs, higher cardinal area, and wider fold and sinus, and in these 
respects it corresponds with S. antarcticus, differing from that species in its less transversely 
extended outline. In S. aniarcUcus the ratio of width to length is over two to one and in the 
brachial valve is three to one; in S. capensis the ratio of width to length is five to three and in 
the brachial valve a shade over two to one. From both Spirifer murchisoni and S. aniarcUcus, 
Spirifer capensis differs in having the umbones more inflated and overarching in both valves. 

Spirifer capensis was originally collected by M. Kxaus, of Stuttgart, from Kokman's Eloof 
in Zwellendam, Cape Colony, where a whole stratum of sandstone is almost composed of these 
Spirifers. Although the species would thus seem to be one of the most abimdant Spirifers in 
the Bokkeveld (?) series, where this sandstone stratimi probably belongs, no Spirifer since 
recorded from South Africa is strictly conformable with Von Buch's figures and description. 
His figures are imperfect, and reillustration and fuller description of these Zwellendam speci- 
mens are highly desirable. 

Although no Spirifer since recorded from South Africa has the inflated gibbous overarching 
mnbones and the very wide fold and sinus shown in Von Buch's figures of S. capensis, the pre- 
vailing Spirifers in the Bokkeveld series as recorded by Sharpe * and by Beed • agree with 
Von Buch's species in the rather low rounded ribs and rounded fold and sinus; coromoxily 
eight or nine, rarely ten ribs on each side; proportion of width to length 2:1 or sUghtly more 
in the brachial valve and less than 2: 1 (as low as 3:2) ia the pedicle valve; a very high cardinal 
area, and delthyrium less than 60°.' From a comparison of some figures and imperfect speci- 
mens it would be almost impossible to separate from S. murchisoni a brachial valve of these 
Bokkeveld Spirifers with eight lateral ribs, such as that shown in Sharpens figure 4 or in Scupin's 
figure, or a pedicle valve like that shown in Sharpens figure 5, which might almost be considered 
a figure of some New York specimen of S. murchisoni. Furthermore, according to Reed's 

1 NeuflB Jahrb., 1802, p. 67, pi. 4, fig. 22. Totoni, BroEil, oocuning with Leptoealia flabeUUet. 

* Voyage dans TAm^rique m^ridionale, Paltontologle, p. 37, pi. 2, 0g. 21, 1842. Chuqiiisaca, Boliria. 

« Schuchert (U.S. Oeol. Surrey Bull. 87, p. 398, 1887) gives Ulrich's Spirifer sp. a as a synonym of S. murehigoni. Ulrlch's form seems identical 
with D'Orbigny's S. gukhuut, and these fossils are also apparently identical with the specimens figured by Scupin from Chuquisaca (Deutsch 
geol. Qesell. Zeitschr., vol. 48, pi. 17, flg. 1, 1898) and trom Ida (Idem, fig. 5). 

« Vber SpirifeT ketihavU, tiber dessen Fundort und Verhaltniss su Hhnlichen Formen: K. Akad. Wiss. Berlin Abh., vol. 11. pp. 76-80, pi., 1846. 

> Oeol. 8oG. London Trans., 2d ser., vol. 7, 1856. 

• South African Mus. Annals, vol. 4, 1903. 

' See Sharpe, Daniel, Oeol. ^oc. London Trans., 2d ser., vol. 7, pi. 26, figs. 1-5 (not flg. 6) 1856. These figures are now known to represent only 
a shigle species, not two {8. antarctictu and 8. orbiffnyi), as stated by Sharpe. See also Scupin, Hans, Deutsch. geol. Oesell. Zeitschr., vol. 49, 
pi. 17, figs. 4a, 4b, 1898. Reed, F. R. C, South African Mus. Annals, vol. 4, pp. lSO-182, 1904. 
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descriptions, these South African Spirifers have most commonly sixteen ribs, eight on each side; 
some have as few as twelve, thus corresponding with 8. murchisoni; and the number never 
exceeds eighteen. Unfortunately Reed's only figure * shows eleven ribs on one side — there 
were probably twelve or thirteen — and on Sharpe's figures ^ there are not less than nine lateral 
ribs on any of the specimens, and on some there are as many as ten or eleven on each side. 
Not oiily do these South African Spirifers diflFer from Spirifer murchisoni in the larger number 
of ribs (8. murchisoni never has more than eight distinct ribs on each side), but they have also 
a much greater cardinal area. They differ from 8pirifer antarcHcua in the smaller number 
of ribs and less transverse outhne, and from 8* orhignyi, with which they have also been iden- 
tified, in the higher cardinal area. From 8. chuquisaca they differ chiefly in the shallower 
fold and sinus and the lower ribs with narrower interspaces. It is probable that a careful 
study of the types of Von Buch will show that the South African Spirifers just mentioned are 
identical with 8. capensis, which may be considered a distinct species. 

European related forms. — ^In the European faunas the species which most nearly approaches 
8pirifer murchisoni is 8. prmiaevus, the characteristic fossil of the Taunusian Siegen graywacke. 
This zone has been regarded as the European representative of the Oriskany of America; so 
that we might expect some degree of identity in the important diagnostic species of Spirifer. 
8, prim^evus^ differs, however, from 8. murchisoni in being less transverse and in having 
eight or very commonly nine or ten lateral ribs, whereas in 8. murchisoni the number of ribs 
on each side is from five to eight. 

SfIRIFEB cf. S. DUODENARIUS (Hall). 
Pl&te IV, figures 3, 4. 

843. DeUkyris duodenaria. Hall, Geology of New York, Kept. Fourth Dist., p. 172, fig. 5. 

Gomiferous limestone: 5 miles east of Buffalo, N. Y. 
856. Spirtfer orhignyi (para) (not of Morris and Sharpe, 1846). Sharpe, Geol. Soc. London Trans., 2d ser., vol. 7, 
p. 207, pi. 26, fig. 6 (not figs. 3, 4). 

Hard gray siliceous rock: Warm Bokkeveld, South Africa. 
831. Spirifera duodenaria, Billings, Canadian Jour., vol. 6, p. 256, figs. 65-^7. 

Devonian (Comiferous): Rama's farm, near Port Colbome, and at Woodstock, Canada West. 
863. Spirifera duodenaria. Billings and Logan, Geology of Canada, pp. 372, 428, fig. 394. 

Comiferous limestone: Famine River, Quebec. 
867. Spirifera dujodenaria. Hall, Paleontology of New York, vol. 4, p. 189, pi. 27, figs. 13-16, pi. 28, figs. 24-33. 

Schoharie grit: Eastern New York. 

Comiferous limestone: Throughout New York, in Canada West, and in Ohio. 
879. Spirifera duodenaria (?). Rathbun, Boston Soc. Nat. Hist. Proc., vol. 20, p. 25. 

Lower Devonian sandstone: Rio Maecum, Para, Brazil. 

883. Spirifera duodenaria. Hall, New York State Geologist Second Ann. Rept., pi. 58, figs. 8-13. 
Schoharie grit: Schoharie County, N. Y. 
Comiferous limestone: Western New York. 

884. Spirifer cf. S. duodenarius.* Walcott, U. S. Geol. Survey Mon. 8, p. 135, ?pl. 14, fig. 12 (not pi. 4, figs. 2, 2a). 
Lower Devonian limestone: Lone Mountain, 18 miles northwest of Eureka, Nev. 

889. Spirifera duodenaria. Nettelroth, Kentucky fossil shells, p. 114, pi. 12, figs. 12, 13, 16. 

Corniferous limestone: Kentucky and Indiana, about the Falls of the Ohio. 
893. Spirifer duodenariw. Hall and Clarke, Paleontology of New York, vol. 8, pt. 2, pp. 19, 37, pi. 33, figs. 8-16. 

Schoharie grit: Schoharie County, N. Y. 

Comiferous limestone: Western New York. 
897. Spirifer duodenarius. Weller, Jour. Geolog}', vol. 5, pp. 627, 629. 

Upper Helderberg limestone: Devils Bake Oven, near Grand Tower, Jackson County, 111. (Noe. 4 and 11 of 
section). 

897. Spirifer duodenarius. Schuchert, U. S. Geol. Survey Bull. 87, p. 388. 
Upper Helderberg: New York; Ontario; Columbus, Ohio; Falls of the Ohio; Rio Maecuru, Para, Brazil. 

898. Spirifera duodenaria. Bownocker, Denlson Univ. Sci. Lab. Bull., vol. 11, p. 11, pi. 7. 
Comiferous limestone: Delaware, Marion, and Kellys Island, Ohio. 

899. Spirifer duodenarius. Prosser, New York State Geologist Seventeenth Ann. Rept. (for 1897), pp. 352, 353. 
Schoharie grit and Comiferous limestone : Oniskethau Creek, Albany County, N. Y. 



1 Reed, F. R. C, op. dt., pi. 22, fig. 4. 

s Sbarpe, Daniel, op. dt., pi. 26, figs. 1-6, not fig. 6. 



s See Scupin, Hans, Die Spirlferen Deutschlands, pp. 84-86, pi. 8, fig. 9, 1000. 
* Described and figured as 8. raricotta Conrad. 
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« 
1900. Spiri/er duodenariits. Kindle, Indiana Dept. Geol. and Nat. Res. Twenty-fifth Ann. Kept., p. 647, pi. 9, fig. 10. 

Sellersburg ' [? error for JefferBonville] limestone: Falls of the Ohio and Charlestown, Ind. 

1903. Spvrifer duodenarita. Katzer, Geologie des unteren Amazonaegebietes, p. 194, pi. 10, figs. 3a, 3b. 

Upper Helderberg: Rio Maecuru, Para, Brazil. 

This Onondaga species does not occur in the Chapman f aima but is present in the fauna of the 
Moose River sandstone occurring at Big Brassua Lake, Somerset County. It is a mediiun-sized 
Spirifer with straight hinge line, width equal to about twice the length, acute hinge extremities, 
and six or seven rounded ribs with narrower interspaces on each side of the simple, narrow, 
rounded fold and sinus; both valves are subequally convex. The species is distinguished from 
S. murchisoni chiefly by the low cardinal area of the pedicle valve, which is only slightly higher 
than that of the brachial valve. Figure 3 of Plate IV shows a fragment of a brachial valve 
(enlarged 2 diameters) with a distinct cardinal area, in which the cardinalprocess is radially striate, 
but this is not indicated in the figure. The second specimen (fig. 4) is a pedicle valve in which the 
cardinal area is but slightly greater than that in the brachial valve shown in figure 3. This species 
is a characteristic fossil of the Onondaga ("Comiferous") limestone of New York. It ranges 
throughout the Schoharie grit and Onondaga limestone and has not been reported below the 
Schoharie. Its occurrence in a belt of rooks which has heretofore been considered to represent 
the Oriskany is therefore of some importance. Its appearance in the Spirifer areriosus faxma in 
central nortiiem Maine is suggestive of later persistence of that faima than in the New York 
area, a suggestion whioh is in harmony with the evidence brought out by the breccias of St. 
Helens Island already referred to (p. 83). In this connection may also be mentioned the 
occurrence of the " Cornif erous " species Chonetes (Eodevonaria) arcuatus and Chonetes vidnua 
at Little Brassua Lake. 

Locality: Moose River sandstone; Big Brassua Lake (locality 1062 A'), Somerset County, 
Maine. 

U. S. National Museum, catalogue No. 59743. 

Spirifer sparsus Clarke.' 

Plate I, figures 11, 13, 14, 15, 17, 21, 22, 24; Plate II, figure 17; Plate IV, figure 2. 

cf. 1874. Spirifer raricoata, Billings, Paleozoic fossils, vol. 2, pt. 1, p. 47, pi. 3, fig. 5. 

Gaspe limestone No. 8 [Oriskany]: Grand Greve, Gaspe Bay, Quebec, 
d. 1884. Spiriferarwricosta, Walcott, U. S. Geol. Survey Mon. 8, p. 135 (pars), pi. 14, fig. 12; pi. 4, fig. 2a (not fig. 2, 
which represents a Spirifer of the 8. murdnsoni type). 

Lower Devonian limestone: Combe Peak, and at Lone Mountain, 18 miles northwest of Eiureka, Nev. 
1907. Spirifer q/mindia var. aparsa. Clarke, New York State Mus. Bull. 107, p. 257, figs. 

Lower Devonic: Presque Isle Stream, Chapman Plantation, Aroostook County, Maine. 

A pauciplicate, trapezoidal Spirifer of medium to small size; with broad^ straight hinge line; 
roimded extremities; and three to five plications on each side of the strong fold and sinus — the 
umer three plications of each side strong, the outer one or two weak when present at all. Hinge 
line long, straight, varying in length from five-sixths to very nearly equal the greatest width of 
the shell. The width in the pedicle valve varies from one-sixth to one-half greater than the 
length. Hinge extremities rounded, sometimes broadly so, sometimes nearly rectangular, 
but never sharp, acute, nor auriculate. Pedicle valve gibbous with broad, inflated, over- 
arching umbone. Greatest depth is over the hinge line, one-third the distance from beak to 
front, where it is one-half to one-third the length of the valve. The transverse profile is arcuate 
with rather depressed sides. Cardinal area in the pedicle valve of medium height, strongly 
arched, inclined at an angle of 135° or more from the plane of the margin of the valve. 

1 Inthelistsof fossflfl under localities 5. tfuodenarifM Is not mentkmed. As both theJeflersonvIlle("Cornlferous")Um«stoneandthe Sellersburg 
limestone (of Hamilton age) occur at the places named, and as 8. duodenaritu has never before been found above the ' ' Comiferous,'' it is probable 
that Jeffersonville (" Comiferous") is intended Instead of Sellersburg limestone. If the species really occurs in the Sellersburg, this is the first and 
only occurrence, so far as known, in the Middle Devonian. Mr. Kindle informs me that the specimens of S. -duodenaritu referred to above were 
collected by O. K. Greene from residual days but showed the peculiarities of fossHization which can be pretty definitely relied upon to dlstingnteh 
fossils of the siliceous Sellersburg from the nonsllioeous Jefleraonville limestone. 

^In the manuscript of the present paper this species was already figured and described under the name Spirifer ehapmani when Clarke's name 
8. qfmindis var. tparta was published. On comparison there seems to be no doubt as to the identity of the two forms. 
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Delthyrimn acute, 60** to nearly 90°. On the interior of the pedicle valve dental lamellae 
are well developed and occupy the first plications — ^rarely the first fold — on each side of the median 
sinus. The musculature is inconspicuous, except in old shells, and the cavity outside the dental 
lamellsB is not filled in; hence in internal molds the characteristic incisions of the lamellffi are 
present. The musculature reaches the midlength. No median septum is observed in the 
pedicle valve. 

The brachial valve is convex, but much less so than the pedicle valve. The greatest depth 
is near the midlength and is equal to two or three tenths of the length; the cardinal area 
k Unear. On the interior of the brachial valve the cardinal process is radially striate as in 
8. murchisoni. The dental sockets show obscure indications of crenulation in the only speci- 
men in which the sockets have been observed. The "median septum" of the brachial valve 
is extremely faint. On each side of the simple fold and sinus are three strong ribs; and 
commonly there are one or two additional, more or less obsolescent ribs which do not quite 
reach the beak. The sinus is deeply excavated, rather flat in the bottom, equal to about two 
(always less than three, rarely only a httle more than one) of the bounding ribs, in width, and 
more or less strongly extended as a tonguelike projection toward the fold of the opposite valve. 
The fold is strongly elevated, rapidly expanding toward the front and equal in width to about 
two of the bounding ribs in two small shells only slightly wider than each bounding rib, in one 
equal to two ribs and in another nearly equal. The ribs are rounded and, on shells showing 
the surface, appear of medium height with narrower interspaces. On internal molds they are 
strongly elevated, frequently subangular, and the interspaces are equal to or much wider than 
the ridges. The finer surface ornamentation consists of concentric sublamellose lines, some- 
times lamellar and crowded toward the front; the specimens do not show the coarse radial 
lineation of the type of 8. macropleurus, etc., which the specimens sometimes resemble, and 
they are not well enough preserved to show any such fine radial lines as those of 8. murchisoni 
or 8. cydopterus. No such radial lines are recorded by Clarke. 

Shell structure fibrous, impunctate under a hand lens. The largest specimens observed 
(two pedicle valves) are 21.5 by 29 millimeters and 21 by 28 millimeters; the smallest specimen 
observed (a brachial valve) measures about 10 by 15 millimeters; most of the specimens measure 
about 15 by 25 millimeters. 

Locality. — Chapman sandstone: Edmunds Hill, also 2 J miles west of Presque Isle Stream, 
Chapman Township, Aroostook County, Maine. 

U. S. National Museimi, catalogue Nos. 59744 to 59746. 

Comparisons. — ^This species strongly resembles in external aspect the 8pirifer (DeUhyris) 
raricosta of Conrad and authors, but that species belongs to the genus Delthyris, having a strong 
median septum in the pedicle valve, while not the slightest indication of such a structiure is 
present in 8. sparsus. D. raricosta has commonly only two ribs on each side, and only very 
rarely three. 8. sparsus has never less than three ribs on each side, and commonly four or 
five. Delthyris raricosta was described from the " Cornif erous " limestone, of which it is a 
characteristic and widespread fossil. 

Shells agreeing in external aspect with Delthyris raricosta have been recognized in the Gaspe 
limestone* and in the middle Helderbergian, of Square Lake, Maine, Spirifera raricosta f 
Conrad (8. hesione Billings nom. nov.).* In neither of these forms is a median septum noted 
or figured in the pedicle valve, so that they resemble 8pirifer sparsus in that respect. The 
Square Lake form {Spirifer hesione Billings) has only two broadly undulating ribs on each side of 
the fold and sinus, corresponding closely with Vanuxem's 8pirifer undulatus ( = Z?. raricosta) 
superficially; it is quite distinct from 8. sparsus. The Gaspe Spirifera raricosta of Billings 
has three or four ribs and may possibly prove to be identical with 8. sparsus Clarke. Spirifer 
ilsae Kayser,' from the lowest Devonian of the Harz, at Klosterholtz, also bears a strong resem- 
blance to 8. sparsus (compare PI. I, fig. 14 ; PI. IV, fig. 2) , having a broad fold and sinus, rounded 



1 Billings, Elkanah, Paleozoic fossils, vol. 2, p. 47, pi. 3A, fifj. 5, 1874 (Spirifera raricosta). 

« Billings, Elkanah, Portland Soc. Nat. Hist. Proc, vol. 1, pt. 2, p. 117, plate, fig. 17. 

s Kayser, Emanuel, Die Fauna deriiltesten Devon-Ablagerungen des Harzes, p. 162, pi. 22, figs. 3, 4. 1S78. 
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extremities, and only three to five ribs on each side; but the fold iaSpiriferilsse is much more 
highly elevated and more keeled than that in S. s'parsus. 

Spirifer hawkinsii Morris and Sharpe, collected by Darwin from the Lower Devonian of the 
Falkland Islands, has already been mentioned as resembling S, sparsus in having four or five 
ribs, but it differs in the more transverse outline, sharp acute extremities, strong musculature, 
and grooved fold. 

The shells figured by Walcott from the Lower Devonian of Nfevada and doubtfully iden- 
tified with DeUhyris raricosta are very closely related to and possibly identical with S. sparsus. 
As was emphasized by Walcott, this Nevada Spirifer has no median septimi and hence can not 
be congeneric with DeUhyris raricosta. The proportions are approximately the same as in S. 
sparsuSy and the characteristic ribbing is precisely the same — a highly elevated fold and deep 
sinus, with four or five ribs on each side, the three inner ribs very strong, the two outer ones 
narrow and obsolescent. The only apparent distinction between S. sparsus and the form shown 
by Walcott's figures is that the latter appears to have slightly more acute hinge extremities. 
Walcott^s figure 2, Plate IV, indicates a Spirifer which may be referred with little, if any, hesi- 
tation to S. murchisoni. 

Spirifer gaspensis Billings. 

Plate IV, figure 7. 

71837. '*Terebratulae." Jackson, First report on the geology of the State of Maine, p. 128, pi. 1, fig. 10. 

Graywacke period: Maine, 
of. 1846. Spirifer arUarcticus. Morris and Sharpe, Geol. Soc. London Quart. Jour., vol. 2, p. 276, pi. 11, fig. 2. 

Devonian: Falkland Islands, 
cf. 1850. Spirifer pollens (not Barrande). F. A. Koemer, Beitrage zur geologischen Kenntniss des nordwestlichen 
Harzgebiiges, p. 58, pi. 9, fig. 10 (young). 

Formation and locality not given; in the Harz Mountains, Germany, probably Klosterholtz. 
cf. 1853. Spirifer paradoxus (not Schlotheim). Schnur, Palaeontographica, vol. 3, p. 198, pi. 32B, figs, lb, Ic (la? Id?). 

Graywacke: Everywhere in the Eifel, Germany, 
cf. 1858. Spirifer hercynise. Giebel, Die silurische Fauna des Unterharzes, p. 30 [of separate], pi. 4, fig. 14 (young). 

Silurian: Magdesprung, Harz Mountains, Germany. 
1863. Spirifera gaspensis, Billings and Logan, ^ Geology of Canada, pp. 398, 410. 

Gaspe sandstone [York Kiver]: Douglastown Kiver, and on the north side of the inner basin at Gaspe, Quebec. 
1865. Spirifer macropterus (not Goldfuss). Roemer, Deutsch. geol. Gesell. Zeitschr. , vol. 17, p. 592, pi. 17, fig. 6. 

Graywacke: West slope of the Altvater Mountains, Moravia, Austria. 
?1868. Spirifer engelnumni (not Meek, 1860). Meek and Worthen, Paleontology of Illinois, vol. 3, p. 398, pi. 8, fig. 5. 
71868. Spirifer hemicyclus (pars). Meek and Worthen, idem, p. 393, pi. 8, fig. 6. 

Oriskany: Union County, 111. 

1870. Spirifer macropterus (not Goldfuss). F. Roemer, Geologie von Oberschlesien, pi. 1, fig. 3. 
Wurbenthal quartzite: Einsiedler, Durrberg, half a mile from Wurbenthal, Austrian Silesia. 

1871. Spirifer paradoxus (not Schlotheim). Kayser, Deutsch. geol. Gesell. Zeitschr., vol. 23, p. 314. 
Taunusian: Between Oberstadtfeld and Niederstftdtfeld, near Daun, in the Eifel, Germany. 

1874. Spirifera gaspensis. Billings, Paleozoic fossils, vol. 2, pt. 1, p. 44, pi. 3, figs. 8, 8a, 8b. 
Gaspe [York River] sandstone: Gaspe Bay, Quebec. 
Gaspe limestones: SpUt Rock, Perce, Quebec. 
?1876. Spirifer macropterus (not Goldfuss). Ribbentrop, Naturhist. Ver. preuss. Rheinlande und Westphalens Corr.- 
Bl., vol. 33, p. 103. 
Hundsrtlckian: Between Nerother Kopf, Oberstadtfeld, and'Salm, in the Eifel, Germany. 
1878. Spirifer hercynias. Kayser, Abh. ziur Specialkarte von Preussen, etc., vol. 2, pt. 4, p. 168, pi. 23, figs. 7-13; pi. 
34, fig. 3. 
Hercynian limestone: Magdesprung, Zoiige, Wilda, and Ilkenburg, in the Harz Mountains, Grermany. 

1878. Spirifera nictauensis, Dawson, Acadian geology, 3d ed., p. 499, fig. 176 (also 4th ed., 1891). 
Oriskany iron ore and slates: Nictau, Nova Scotia. 

1879. Spirifera nictauensis. Dawson, Canadian Naturalist, new ser., vol. 9, p. 3. 
Oriskany iron-ore beds and coarse slates: Nictau, Nova Scotia. 

1879. Spirifera huarquiana. Rathbun, Boston Soc. Nat. Hist. Proc, vol. 20, p. 28. 

Devonian: Rio Maecuru, Para, Brazil. 
?1880. Spirifer paradoxus (not Schlotheim). Gosselet, Esquisse g6ologique du Nord de la France, p. 75, pi. 2, fig. 25; 
cet. excl. 
Montigny graywacke: Montigny-sur-Meuse, Amberloup, near St. Hubert, La Roche, Houffalize, Sugny, etc., 
Belgium and northern France. 



^Also (p. 393) from Gaspe limestone No. 8 at Gaspe, as Spirifera sp. ixidet. 
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1883. Spinfera gaapentii, EUs, Canada Geol. Survey Rept. ProgresB for 1880-1882, pp. 9DD, HDD. 

Upper Gaape limestone (Oriakany): Perce Kock, Indian Cove, Grande Greve, and Little Gaspe; Gaspe Bay, 
Quebec. 

1885. Spiri/era gaspensis. Ells, idem for 1882-1884, pp. 23E, 24E. 

Gacpe [York Kiver] sandstone: Miners Brook branch of Cascapedia Kiver, Gaspe Peninsula, Quebec. 
Gaspe Oriskany (whether limestone or sandstone not stated): In hills back of Gaspe village, Quebec. 

1886. Spirifer cf. i$. hercyniae. Gosselet, Soc. g^l. du Nord Annales, vol. 13, p. 298. 
HundsrQckian (Montigny graywacke): La Roche, Belgium. 

?1857. Spirifera sp. indet. Ami, Canada Geol. Siuvey Ann. Rept., new ser., vol. 2, p. 9N. 

Oriskany slates and sandstones: Campbell River, near mouth of Den River, New Brunswick. 
1889. Spiri/er paradoxus var. kercynix. Barrois, Soc. g^ol. du Nord M6m., vol. 3, p. 132, pi, 9, fig. 1. 

Erbray limestone: Erbray, Loire Inferieure, France. 
1889. Spirifer dunenns. Kayser, K. preuss. geol. Landesanstalt Abh., neue Folge, Heft 1, p. 33, pi. 15, figs. 3, 4, 6, 5a. 

Lower Coblenzian: Daun, in the Eifel, Germany. 
1889. Spiri/er paradoxus mut. prmewrsor. Freeh, Deutsch. geol. Gesell. Zeitschr., vol. 41, p. 194. 

Lower Coblenzian: Stadtfeld, near Daun, in the Eifel; Zenschiedan der Kyll/ a few miles from Gerolstein; and 
about Siegen, Germany. 
1889. Spirifer phalsena. F. von Sandbeiger, t^ber die Entwickelung der unteren Abtheilung des devonischen Sys- 
tems in Nassau, p. 105, pi. 3, figs. 3, 3a. 

Lower Spirifer beds (Lower Coblenzian): Stadtfeld, near Daun and other localities in the Eifel, Germany. 

Vireux sandstones: Vireux, Ardennes, France {S. paradoxus Gosselet, 1880). 
1891. Spirifer dunsnsis. Kayser, Lehrbuch der geologischen Formationskunde, p. 83, pi. 12, fig. 6. 

Lower Coblenzian coarse graywacke: Stadtfeld, etc., in the Eifel, Germany. 
1897. Spirifer hercynix. Freeh, LethBea Paleozoica, pi. 23 A, figs. 5a, 5b. 

Lower Coblenzian ("zone of Spirifer hercynise'*): Oberstadtfeld, in the Eifel, Germany. 
1897. Spirifer btutrquianus. Schuchert, U. S. Geol. Survey Bull. 87, p. 383. 

Middle Devonian ': Rio Maecuru, Para, Brazil. ^ 
1897. Spirifer gaspensis, Schuchert, idem, p. 391. 

Oriskany: Gaspe. 
1897. Spirifer nictauensis. Schuchert, idem, p. 399. 

Oriskany: Near Nictaux» Nova Scotia. 
?1899. Spirifer paradoxus. Collins, Roy. Geol. Soc. Cornwall Trans., vol. 12, p. 239. 

Lower Devonian [Siegen, or more probably Lower Coblenzian]: Fowey, Cornwall." 
1900. Spirifer hercynise. Scupin, Paleontol. Abh. (Damee A Koken), new ser., vol. 4, pt. 3, p. 290, pi. 21, figs. 4, 5a, 5b. 

Lower Coblenzian: Along the Rhine, at Stadtfeld, near Daun, St. Johann, and LaAdscheid, Germany. 

Lower Coblenzian quartzite: Bienhom Valley, near Ehrenbreitenstein, Germany. 

Ahrienbeds: Belgium. 

Erbray limestone: Erbray, France. 

Lower Coblenzian: In the Kellerwald, Germany. 

Middle Eo-Devonian: Harz Mountains, Grermany. 

WUrbenthaler quartzite: Wurben Valley, Grermany (Austrian border). 
1900. Spirifer hercynix var. primxviformis. Scupin, idem, p. 292, pi. 31, figs. 3, lOanC. 

Lower Coblenzian: Vallendar and Bienhom Valley, Germany. 

1902. Spirifer hercynix. Drevermann, Palaeontographica, vob49, p. 95. 
Lower Coblenzian: Oberstadtfeld near Daun, in the Eifel, Germany. 

1903. Spirifer buarquianus. Katzer, Geologie des unteren Amazonasgebietes, p. 272, pi. 10, fig. 1. 
Upper Helderberg: Rio Maecuru, Para, Brazil. 

1903. Spirifer buarquianus var. contracta. Katzer, idem, fig. la. 
Upper Helderberg: Rio Maecuru, Para, Brazil. 

1903. Spirifer buarquianus var. alata. Katzer, idem, figs. Id, le. 
Upper Helderberg: Rio Maecuru, Para, Brazil. 

1904. Spirifer orbignyi (not Morris and Sharpe). Reed, South African Mus. Annals, vol. 4, pt. 3, p. 180,' pi. 22, ^g. 4.- 
Lowest fossiliferous sandstone, Bokkeveld series: North of Montagu, South Africa. 

71904. Spirifer cf. S. pedroanus (not Hartt). Reed, idem, p. 183, pi. 22, fig. 5. 

Lowest foBsiliferous sandstone, Bokkeveld series: 3 miles southeast of Triangle; north of Homestead; Uitkomst; 
Gydo Pass; Witzenberg Valley; and point just north of Stinkfontein, Ceres, South Africa. 

1905. Spirifer gaspensis, Clarke, New York State Mus. Bull. 80, p. 145. 
Perce limestone: Perce Rock, Perce, Quebec. 

Craspe sandstones: Gaspe Bay, Quebec. 

1 Also called Densborn, or St. Johann. 

> This fauna Is probably of Onondaga or Coblenzian (upper Eo-Devonlan) age, not Meso-Devonlan. 

> The description here indicates a Spirifer of the tyx>e of 8. capensiSj which has been discussed under 8. murchiaoni. The figure, however, repr»> 
sents a very different species, which can not be distinguished from 8. gasperuit or 8. hercynix. 
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1907. Spiri/er perimele (pars). Clarke, New York State Mus. Bull. 107, p. 253, middle figure (cet. excl., not the two 
side figures). 

Lower Devonic: Baker Point, Mooeehead Lake, Somerset County, Maine. 
1907. Spirifer primssvtu aUantica. Clarke, idem, p. 260, figs. 

Lower Devonic: Baker Point, Mooeehead Lake, Maine. 
1910. Spuifer gaspensis Billings. Williams, Roy. Soc. Canada Trans., 3d ser., vol. 3, pp. 211, 224. 

Spirifer arenoma fauna, St. Helens breccia: St. Helens Island, near Montreal, Canada. 

This Spirifer from the Moose River sandstone represents a form characteristic the world 
over of rocks well up in the Eo-Devonian, following the 8. murcMsoni-primseviLS or Oriskany 
(Taunusian) regime. It is unknown as low as the Chapman sandstone. The species is of 
medium to large size and is characterized by great transverse extension of the shell, so that 
the width is typically more than twice and as much as three or more times the length; cardinal 
extremities pointed, acute; lateral plications 10 or 11 to 13 or 14 (12 to 18 according to Billings) 
on the side. There is an elevated cardinal area, and the brachial valve is as deep as the pedicle 
valve, or deeper; fold highly elevated. 

The outline is broadly triangular, with acute pennate extremities. Both valves are about 
equally convex, with the brachial valve perhaps a trifle the more convex of the two. In the 
pedicle valve the umbo is arched and the beak incurved. On the interior the dental lamella 
occupy the third furrow, or fourth ridge on each side of the median sinus. The musculatiu'e 
is strongly impressed, extends about half the length of the shell, and is marked by a sharp 
elevated line which reaches perhaps half the length of the musculature. This line can not, 
however, be compared with the strong median septum characteristic of Delthyris. Billings, 
in his figure 8, shows the same line, impressed in the internal mold. In old shells the umbo 
is thickened on the outer side of the lamellse, and on internal molds pits (the impressions of 
ovarian pustules?) are impressed in this calloused part of the shell, as in /S. murchiaoni, S. 
primsevua, etc. The hinge line is long and straight and constitutes the maximum width of 
the shell. The proportions of length and width are indicated by the following figures: 

IHmensioTis of Maine speciinens of Spiri/er ga8pensis, 
[All from Little Brassoa Lake (locality 1061 B').] 





Length 
(milli- 
meters). 


Width 

(milU- 

meters). 


Brachial valve 


14 

17.5 

31 


32 
54 
92 


Do 


Pedicle valve 





The cardinal area is of low to medium height. The delthyrium has not been clearly 
observed but appears to be very nearly if not quite 90**. 

The brachial valve is also strongly convex, in some shells apparently more convex than 
the pedicle valve; the cardinal area is linear or absent; on the interior the median elevated line 
is strongly pronoimced, assuming the character of a low septum; it extends nearly half the 
length and becomes thickened and prominent in its posterior portion, where the posterior 
adductor scars are sometimes discernible.' 

In the Maine specimens, which are preserved in a dark bluish-black siliceous shale, the 
ribs are of moderate elevation, roimded, and with narrower interspaces; in the internal molds 
the ribs are commonly rounded and low (rarely angular and high), and the interspaces are 
almost if not quite as wide as the ribs. The sinus is of moderate depth, roimded or flattish in 
the bottom, very commonly marked on the exterior by an obsolescent riblet, and is extended 
as a tonguelike projection in front. The fold in the brachial valve is strongly elevated and 
carinate, expanding in width rapidly toward the front. Fold and sinus are equal in width to 
three or four of the bounding ribs. The number of ribs in the Maine specimens is 10 or 11 

iCf. Billings, Elkaoah, op. cit., fig. 8A. 
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or more, commonly 13 or 14, in mature shells; some smaller specimens show more. The 
usual nimiber at Gaspe, to judge from Billings's figures, is 13 or 14, though Billings states that 
the number of ribs on each side is from 12 to 18. In the small specimens from Maine, of which 
only four or five have been seen, the ribs are not more than 15 in number, though it is possible 
that the larger specimens, which are only fragmentary, may have had more. At Nictau, Nova 
Scotia, the species has only 9 to 11 ribs on each side, generally about 10. In the specimens 
from Nictau the outline is less extended transversely, and in this particular they present a 
close approach to Spirifer murchisoni. 

The finer surface ornamentation of Spirifer gdspensis consists of sublamellose closely set 
concentric lines. No indication of radial lineation was observed, but the specimens are too 
poorly preserved to show it, even if it shoidd exist. 

Locality: Moose River sandstone. Little Brassua Lake, Somerset County, Maine. 

U. S. National Museum, catalogue No. 59747. 

Comparisons. — Billings described his species as having a width ''often twice the length; 
in some specimens shorter, one-fourth or only one-fifth greater than the length." Some of the 
Maine specimens are as much as three times as wide as long, and in none of the specimens at 
hand is the width less than twice the length. There can be no doubt of the identity of the 
Maine forms with Billings's species, particularly as the exact proportion of length and width 
is commonly variable in the Spirifers of this transversely elongate type. The ribs in the Gaspe 
specimens are slightly more angular than is common in those from Maine, but this character 
is more or less variable and is also strongly influenced by the conditions of preservation. In 
one of the Maine specimens the ribs are angular, corresponding to Billings's description, but in 
other parts of the same specimen the ribs are rounded. In all other respects and in the minuter 
details Billings's description might equally well have been drawn up from the Maine specimens 
at hand; and in none of the other characters do the Maine specimens depart from Billings's 
description or illustrations of S, gdspensis, 

Spirifer gaspensis Billings and its allies may be distinguished from the Spirifer murchisonir 
prvmasvus type by its more transversely elongated outline. The dental lamellae are farther 
removed from the median sinus, and the number of plications is greater. At Nictau, Nova 
Scotia, Spirifer gaspen«is has a less transverse outline than is usual, and the specimens from 
this locality present a near approach to Spirifer murchisoni; but they may be distinguished 
by having 10 or 11 ribs on each side of the median fold and sinus, compared with a maximum 
of 8 or very rarely 9 in S. murchisoni. Moreover, the dental lamellsB are at the third groove 
or fourth ridge on each side of the middle in the Nictau forms, but at the second groove or 
second ridge in S. murchisoni. 

Transversely elongated Spirifers of the S. gaspensis type have not been reported from the 
New York and New Jersey Oriskany nor below the Onondaga. In the Oriskany of Maryland, 
however, occur two species very similar to S. gaspensis, namely, Spirifer cumherlandise Hall 
and Spirifer suhmucronatus Hall. These forms differ from S, gaspensis in having a persistently 
lower, rounded fold and sinus, in having the musculature in the pedicle valve proportionately 
narrower and more elongate, and in never attaining the more extreme pennate form of Spirifer 
gaspensis as found in Maine. In the Maryland Spirifers the brachial valve is less convex than 
the pedicle valve. In New York the earliest Spirifer of the transversely elongated S. gaspensis 
type is Spirifer mxicrothyris Hall,* in which the width is more than twice the length, and the 
brachial valve is distinctly and persistently more convex than the pedicle valve, with keeled 
fold, broad sinus, and strong musculature. Spirifer macrothyris differs from S. gaspensis in 
having rectangular or rounded cardinal extremities, which give the shell a rectangular or 
transversely oval instead of pennately triangular aspect, as in S. gaspensis. The ribs are also 
coarser in Spirifer macrothyris, and that species, though it attains a width of 100 miUimeters ' 
or more, has only from 6 to 10 plications, never more than 10, whereas there are rarely less 

» Hall, James, Paleontology of New York, vol. 4, p. 202, pi. 30, figs. 1«, 20, lfi87. See Schuchert, Charles, U. S. (Jeol. Survey Bull. 87, 1897, for 
additional references. 

s Weller, Stuart, Paleontology of New Jersey, vol. 3, pi. 52, figs. 1, 2, p. 375, 1903. 
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than 10 in S. gaspensis. S. rruicrothyris has also an obtuse delthyrium. On the whole it is 
very closely allied to S, gaspensis and may prove to be a variant of that species. 

It is important to note that for these lai^e shells of the S. gaspensis type the internal mold 
differs conspicuously from the external shell in the number of visible plications, as well as in 
the outline of the valves. The thickening of the shell in the old specimens extends to the 
hinge extremities, so that the lai^e internal molds are frequently not so pennate and seem to show 
more rounded extremities than are found on the exterior. This feature has been strongly 
emphasized by Drevermann,' who also points out that because of this internal thickening at 
the hinge extremities several plications which are found on the surface are not represented in 
the internal molds, so that such lai^e internal molds seem to have fewer plications than are 
visible on much younger specimens. This condition is noteworthy in the Mame specimens, 
where a large pedicle valve over 90 millimeters wide has only 10 ribs on each side, with possibly 
one or two obsolescent additional ones, whereas another specimen only one-third that width 
has 13 or 14 ribs. As the published figures of 5. mxicrothjris generally represent internal molds, 
the species as represented by external molds might be more pennate and might have more 
plications. 

In South America the transversely elongated Spirifers, as has already been indicated, are 
represented by Spirifer antarcticus of the Falkland Islands. This species was described as trans- 
versely fusiform, nearly equivalved, with a strongly elevated fold and deep sinus, strong muscu- 
lature, and 10 to 12 ribs on each side. It has also a very high cardinal area and narrow delthy- 
rium, features which seem to distinguish it from S. gaspefisis; but too little is known of S. ant- 
arcticus to warrant definite separation or union with the Gaspe species, though it is certainly a 
very close ally and very probably identical. 

In the Onondagan faunas of Brazil the gaspensis type is the dominant form of Spirifer. 

In the Rio Maecuru fauna this form has been called S. Jmarquianus Rathbun, as indicated below, 

but it is hardly distinct from the specific type represented by Spirifer gaspensis and S, Jiercynise, 

1879. Spvrifera buarquiana, Rathbun, Boston Soc. Nat. Hist. Proc., vol. 20, p. 28. 

1903. Spirtfer biuxrquianus var. contracta. Eatzer, Geologie des unteren Amazonaj^bietes, p. 272, pi. 10, fig. la. This 

form has the width less than 2} times the length; 9 to 12 ribs on each side. 
1903. Spirifer buarquianua var. alata. Katzer, idem, p. 272, pi. 10, figs. Id, le. Width as much as four times the length; 

12 to 16 ribs on each side. 

S. buarquianiis is more than twice (in some specimens as much as four times) as wide as 
long, the common proportion of width to length being 2.8 to 1. The outline is pennately 
triangular, with acute hinge extremities; the brachial valve is equal to or exceeds the pedicle 
valve in convexity. The cardinal area is of moderate height with delthyrium less than 90°; 
mesial fold in the brachial valve strongly elevated and keeled, sinus fairly deep and equal in 
width to three or four ribs; ribs 9 to 16 on each side, commonly 12 to 14. Katzer's figure la 
represents a specimen practically indistinguishable from the one shown in Plate IV, figure 7, 
of the present work, and his S. hv/irquianus var. contracta can not be distinguished in appearance 
from S. gaspensis^ as it occiurs in Maine. Katzer mentions the occurrence of an obscure riblet 
in the sinus but states that no corresponding groove is ever observable on the fold except, ' 
rarely, near the beak. In this respect his form is like Spirifer gaspensis and also S. hercynix. 

Katzer described another transverse Spirifer from the Er6r6 (Meso-Devonian) fauna of 
Brazil as Spirifer pedroanus. This shell is very similar to S. gaspensis and was described by 
Rathbun* as having 10 to 16 ribs on each side, but Katzer states that the larger collections 
show the number to be nearer 20 and in some specimens as great as 23. This number is 
greater than occurs in S. gaspensis j from which the Brazilian species is also easily separated 
by its low cardinal area, which serves to associate S, pedroanus with the Middle Devonian 
Spirifer mucronatus or pennatus in America and with the Middle Devonian S. spedosus (pars 
auct.) in Europe. 

In the Lower Devonian of South Africa the specific type of S, gaspensis is represented by 
the specimen figured by Reed ' and called Spirifer orhignyi Morris and Sharpe. The width is 

I Palaeontographica, vol. 49, p. 95, 1902. 

> Rathbun, Richard, Buffalo Soc. Nat. Sci. Boll., vol. 1, p. 237, pi. 8, figs. 1-9, 13, 14, 16-20, 1874. SpMfira pedroana (Hartt HB.). 

* Booth African Mus. Annals, vol. 4, pi. 22, fig. 4. 



112 FAUNA OF THE CHAPMAN SANDSTONE OF MAINE. 

somewhat more than twice the length, and the musculature is strongly impressed and equal to 
half the length, with a very faint, low septimi or line as in S. gaspensis (also in S. hercynix 
Giebel, S. mcLcrothyris Hall, S, cumherlandise Hall, S. sybmucroruUus Hall, and (?) 8. antarcticus 
Morris and Sharpe). The dental lamellae occupy the third furrow or the fourth ridge on each 
side of the median sinus; this is also their position in 8. gaspensis Billings from Nictau (Nova 
Scotia), Gaspe (Quebec), and Maine; 8. macrothyria Hall, from New York and New Jersey; 
8. cuTriberlandise and 8. mucronatuSf from Maryland; 8. antarcticus Morris and Sharpe, from 
South America; and 8. TiercyniaR Giebel, from Germany and France. The cardinal area is of 
medium height, and there are 11 or more ribs on each side of the fold and sinus. Reed's figure 4 
might almost exactly represent one of the Maine specimens, and his figure 5 apparently belongs 
to the same species. These South African specimens differ from 8, hercynisR and 8. gaspensis, 
if at all, in having the sinus equal in width to two or three ribs instead of three or four or more, 
but it seems that they ought to be united imder the same specific name with 8, gaspensia. 

8, gaspensis is equivalent to and identical with 8. hercgnix Giebel. The masterly treatment 
of GiebeVs species given by Scupin ^ firmly establishes this point Had the Maine specimens 
been found in Germany, they would no doubt have been identified with 8pirifer herqfnisR, 
even after the most detailed study. The only distinction that can be pointed out is that Scupin 
describes the musculature as equal to or more than one-third the length ; it is frequently figured 
as half the length and in the variety primaviformia Scupin ^ it is considerably more than half 
the length. Scupin states ako that in 8. hercynise there are 20 or more ribs on each side, whereas 
the highest number recorded by Billings for 8. gaspeTiais is only 18 ; but a glance at the published 
figures of 8. hercynise shows that the common number of pUcations is 13 or 14 on each side and 
in old shells (internal molds) apparently only 1 1 (occasionally 10 or 12), exactly as in £•. gaspensis. 
In 8pirifer Jiercynix the sinus is occasionally equal in width to as many as six ribs, but by far 
most commonly only to three or four, as in Spirifer gaspensis. In all observed respects 8pirifer 
gaspensis agrees with 8pirifer hercynise; and as the two species have been carefully studied and 
no substantial distinctions can be pointed out, it seems necessary to recognize this European 
species as occurring in America. 

This species is frequently confused' with 8pirifer paradoxus Schlotheim (= 8pirifer 
macTopterus Goldfuss), an abundant species characterizing the higher Coblenzian horizons 
above the ^^zone of 8pirifer hercynise. ^^ The later shell is distinguished from 8pirifer hercynise 
or 8. gaspensis chiefly by its lower, ribbon-shaped cardinal area, in which it approaches the Meso- 
Devonian types 8pirifer speciosus Schlotheim, 8pirifer mucronatus Conrad, and 8pirifer pedro^ 
anus Hartt and Rathbun. 8pirifer paradoxus is more profusely pUcate than 8pirifer gaspensis 
or 8. hercynise, having a minimum of 16 to 20 ribs on each side, whereas this number is only 
occasionally attained as a maximum in the Lower Coblenzian form. 

8tratigraphic significance of the gaspensis type. — 8pirifer gaspensis occurs in the Gaspe 
limestones Nos. 7 and 8, and in the lower part of the Gaspe sandstones, associated with such 
typical Oriskany species as Rensselaeria ovoides, Leptocodia fiaheUites, 8pirifer arenosus (or 
superhus), 8pirifer murchisoni, Eatonia pecvliarisj Leptostrophias, etc.; Consequently these 
beds have heretofore been considered of Oriskany age. The same f aima also characterizes the 
Moose River sandstone in Maine. However, transversely elongated shells with 10 or commonly 
more ribs on each side, represented by the gaspensis type of Spirifer, are imknown in the New 
York Oriskany; and in the New York section this type does not appear before the Schoharie 
grit. In Europe it is also absent in the Taunusian (Siegen graywacke) or zone of 8pirif€T 
primsevus (the supposed equivalent of the Oriskany), and makes its first appearance in the ensuing 
zone of 8pirifer hercynise, or Lower Coblenzian, which is below the Middle and Upper Coblen- 
zian, the latter being correlated with our Onondaga limestone. This would indicate that beds 
containing elongated Spirifers of the type of 8pirifer gaspensis (= hercynise) are related to the 
European Lower Coblenzian and probably later than the New York Oriskany. The same thing 

1 Soupln, Hans, Palaeontol. Abh. (Dames & Koken), new ser., vol. 4, pt. 3, p. 290, 1900. 

> The variety prinuaH/ormU of Scupin strongly resembles the Oriskany shell from Illinois called S. engelmanni by Meek and Worthen in 1866 
{^aprifer worthtnana Schuchert). 

* See Btelaid, Ferd., Les spirlf^res du Coblenzlen beige: Soc. beige gtologie Bull., vol. 9, pp. 19^218, p. 272, pi. 14, 1895; Catalogue synony- 
mique et critique dee spirilftres du D^vonien tnf^rieur: Idem, pp. 260-288. 
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is further indicated by the occurrence at Gaspe of such Onondaga ("Comiferous'') types as 
Chonetes antiopa, Chonetes laticosta Hall, Chonetes (Eodevonaria) Tnelonicus Billings (and, in 
the Moose River sandstone, of C. (E.) arcuaius and SpiriferdiLodenarius), OrOds (Rhipidomella) 
livia, Leptostrophia blainviJJei (cf. L. perplana, "Comiferous'' form), DeUhyris raricosta, etc., 
and the great abundance of Fucoides (Spirophyton) caudagaUi, the characteristic fossil of the 
otherwise barren Esopus ('^Caudagalli") grit overlying the Oriskany in New York. 

In the Oriskany of the region from southern Pennsylvania to Virginia, which yields the 
normal Oriskany fauna augmented by Spirifer cuTnberlandix Hall and Spirifer suhmucronaius 
Hall, the two species named represent the gaspenais type of Spirifer. It was therefore inferred 
that this Oriskanian region, like that in Acadia, represented the Lower Coblenzian or ''zone of 
Spirifer hercynise^^ of Europe, a zone which is a trifle younger than the Oriskany of New York. 
This inference, which was supported by the occurrence in the Pennsylvania- Virginia region 
of the European Spirifer daleidensis Steininger and by Schuchert^s recent discovery of Tropi- 
doleptus carinatUB (Conrad) — a most characteristic Lower Coblenzian guide fossil in Europe, 
South Africa, and South America — is confirmed by E. O. Ulrich, who states that within the 
Oriskany of the Pennsylvania- Virginia region is recognizable a distinct interval antedating 
the occurrence of the curnherlaTidise^-suhrn/ucronatus-giispensis type of Spirifer. 

In Illinois, in the beds which have yielded the Spirifer engelmanni and the Spirifer Jiemi- 
cyclus of Meek and Worthen with the so-called Oriskany fauna in Union County, as well as in 
the lowest beds (the beds preceding these containing the Onondagan or ''Comiferous" fauna) 
in the section at the Devils Backbone and Devils Bake Oven,* in Jackson County, the Lower 
Coblenzian or "zone of Spirifer Jiercynise^' also seems to be present. 

In South America the Falkland Islands Eo-Devonian with Spirifer antarcticus, Leptocadia 
flabeUiteSf CJionostrophia (?) tenuis j etc., seems to represent this same horizon, and there is some 
ground for beUeving that the Devonian of South Africa, the Rio Maecuru fauna of Para, Brazil, 
and the Eo-Devonian limestones of the Eureka district, Nev., likewise represent substantially 
the same zone. 

It is therefore of great interest to note that not only has Spirifer hercynix been found in 
America, but, as in Europe, it is the dominant type of Spirifer of a narrowly limited series of 
fossiliferous beds that are widely distributed in North and South America (probably in South 
Africa also) and that hold the same stratigraphic position as the Lower Coblenzian in Europe. 
This position in the column represents some part of the interval between the Oriskany and 
" Comif erous," an interval which, in the New York section, is occupied by the barren Esopus 
grit and the nearly barren Schoharie grit. A new fossiliferous zone is thus added to the New 
York Lower Devonian. An extended discussion of this point would be out of place in the 
present paper. The preceding relatively brief notes have been framed because of the interesting 
fact that the zone of Spirifer hercynix or Unter Coblenzian of European authors has never before 
been recognized as such in America, and the occurrence here noted is the first one reported outside 
of Germany, France, and Belgium.' This Lower Coblenzian zone of Spirifer hercynix comprises 
the so-called "Oriskany" of Quebec, Maine, Nova Scotia, and New Brunswick, and is well 
developed in Somerset County, Maine. The typical or theoretically older New York Oriskany 
is apparently absent. The Chapman sandstone represents a still lower horizon than either. 

Spibifeb hontbealensis WiUiams. 

Plate I, figure 2; Plate II, figures 2, 18. 

1901. Spirifer cL 8. granulasiu Conrad. Schuchert, Am. Geologiflt, vol. 27, p. 252. 

Limestone with Spirifer macrus: St. Helens Island, Montreal, Canada. 
1910. Spirifer montrealensi*. Williams, Roy. Soc. Canada Trans., 3d ser., vol. 3, p. 222, pis. 1, 2. 

Limestone breccia: St. Helens Island, Montreal, Canada. 

1 Weller, Stuart, Correlation of the Devonian faunas in soathem Illinois: Jour. Geology, vol. 5, pp. 625-633, 1897. 

s Since the above paragraph was written J. M. Clarke has published a paper entitled " Evidences of a Coblenzian invasion In the Devonic of east- 
ern North America" (Memorial volume to Prof. Adolf von Koenen, pp. 35^-368, Stuttgart, 1907). In this paper Clarke emphasizes the Lower 
Coblenzian aspect of the Moose River sandstone. 

50245°— No. 89—16 8 
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Although this species does not appear in the fauna of the Chapman sandstone, it is here 
descrihed and illustrated in order that the reader may compare it with S. concinnus, which belongs 
to the Chapman fauna, and with S, granulosus, which is of much later date. In the upper 
breccia of St. Helens Island S. montrealensis is found associated with S. arenosus, but 8. con- 
cinnus is absent. The latter species, however, is present in the lower fauna of St. Helens Island. 
In the Gaspe series S. concinnus is lacking, although S. arenosus appears as low as the Grande 
Greve limestone. In the New York section 8, concinnus appears to be restricted to the faunas 
underlying the zone of 8. arenosus. The problem of correlation thus involves considerable 
difficulty. 

The first reference to the species was made by Schuchert; later it was fully discussed by 
Williams, as indicated by the references cited above in the synonymy. The specimens referred 
to by Schuchert came from a large block of slightly granular siUceous limestone, dark gray 
when fresh, weathering a rusty yellow, associated with an agglomerate. These specimens, 
which present an unmistakable Hamilton aspect, led Whiteaves ^ to state that the St. Helens 
Island fossils "are probably the equivalent of part of the Hamilton formation of Ontario and 
New York, and not of the Lower Helderberg.'' That Helderberg fossils of about the age of 
the Becraf t limestone occur on St. Helens Island was shown by Schuchert,' and a Becraf t Spirifer 
from these rocks, 8. concinnus, is figured in the present work. The limestones, however, which 
contain the species 8. concinnus were shown by Williams in 1910 to belong to a fauna quite 
distinct from the block in the breccia containing 8. arenosus and 8, montredlensis. 

The present species is a large Spirifer with the brachial valve gibbous, as deep as the pedicle 
valve, or deeper. The pedicle valve has a high, slightly arched cardinal area, with a delthyrium 
of about 60°, or as wide as it is high; the surface is covered with about 18 low, roimded, narrow 
ribs, with much narrower interspaces, on each side of the simple fold and sinus; the latter equal 
in width five to seven ribs. The sinus is angular; the fold is rather strongly elevated but not 
keeled and is evenly roimded except for a slight median groove on the surface, confined to the 
posterior part and hardly if at all impressed on the internal molds. The ratio of length to 
width is 10 to 17. Schuchert mentions strong dental plates, but his specimens were internal 
molds, and the specimens figured here are external casts on which the dental lameU» are not 
represented. 

Locality: Upper beds of the limestone breccia (probably Meso-Devonian), St. Helens 
Island, Montreal, Canada. 

Comparisons. — ^The Montreal shell resembles 8pirifer oweni Hall, which is usually regarded 
as the Mississippi Valley equivalent of 8. granulosus, but it lacks the grooving of the ribs 
commonly developed in 8. oweni Hall. As compared with the New York forms of 8. granulosus, 
8. montrealensis has shghtly narrower ribs and lacks the median riblet in the sinus; in adult 
specimens, moreover, the median groove on the fold is confined to the posterior (young) part 
of the shell. In small specimens this groove is evident for at least half an inch from the beak 
forward. In 8. oweni and typical 8. granulosus it is often strongly developed on maturer 
specimens all the way to the front margin. 

Genua ANTISPIBIFER gen. nov. 

Among the fossils from the Somerset County localities of the Moose River sandstone have 
been foimd a considerable number of specimens of a small Spirifer resembling crushed speci- 
mens of a small 8pirifer murchisoni. Critical examination shows that they are not crushed but 
exhibit what may be called a resupinate growth of the shell, such as makes the Orthothetes form 
of strophomenoids or the Chonostrophia form of Chonetes. The name Antispirifer is proposed 
to designate this peculiar genus, the character of which is indicated by the following diagnosis: 

Small shells having the brachial valve convex, as is normal in Spirifer, but with the pedicle 
valve flat, depressed convex, or shghtly concave, sometimes becoming subgeniculate or convex 
in front in the older shePs. Outline, as in Spirifer, semicircidar or triangular with a long, straight 

1 The Devonian system in Canada: Am. Assoc. Adv. Sci.^ Sec. E, Presidential address, 1896, p. 16. 
s Am. Geologist, vol. 27, p. 252. 1901. 
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hinge line equal to the greatest width of the sheU. Cardinal area distinct, triangular, equal in 
width to the width of the valve, and of medium height. The cardinal area is either plane or 
slightly arched; when arched the direction of the arching is convex, the reverse of that common 
in Brachiopoda. Delthyrium triangular; probably closed, as in Spirifer, by a deltidium. In 
the internal and external molds of isolated valves, the condition in which the fossils are pre- 
served, it is not apparent whether the delthyrium was closed or open. On the interior of the 
pedicle valve dental lamellsB are developed as in normal Spirifers, and in older individuals there 
is a thickening deposition of shelly matter on the interior at the outer side of the lameUae. The 
musculature is then strongly impressed and triangular in outline, recalling in character that of 
Spirifer murchisoni and S, gdspensis. There is sometimes discernible a faint elevated line in 
internal molds, or an incipient median septum extending down the middle of the musculature, 
somewhat as in S, gaspensis; but there is no real median septum in the pedicle valve, such as 
occurs in Delthyris, Cyrtina, Spirif erina, etc. In the brachial valve the cardinal process is simple 
and radiately striate ; the crural bases diverge strongly, producing an elevated front margin for the 
rather deep dental sockets, which are smooth — that is, uncrenulate. The hinge plate is thus the 
same as in Spirifer, as is also the musculature. The narrow elevated line or incipient "median 
septimi" of the brachial valve of Spirifer is obscurely developed. Brachial structures unknown. 

The surface ornamentation consists of radial pHcations with sinus in the pedicle valve and 
fold in the brachial valve, as in Spirifer. The type and only species of Antispirifer has strong 
concentric close-set lamellae crossed by fine radial lines as in Spirifer murchisoni. Shell structinre 
finely fibrous, impimctate imder a hand magnifying glass. The fossils as preserved present a 
close resemblance to the well-known Vitalina pusivlosa. The shells are of about the same size 
and outline and have also the same convexity and number of ribs. The more convex valve has a 
median fold, and the flat valve has a narrow, simple, abrupt median sinus; but in Vitulina the 
flat valve is the brachial valve, whereas in Antispirifer the flat valve is the pedicle valve and 
may be easily recognized by its strong triangular musculature and cardinal area. In Vitulina 
the shell structure is pimctate; in Antispirifer it is impunctate, under a hand magnifying glass. 
In VituliTia pustulosa there is a median groove in the fold, and the base of the median sinus is 
convex, so that there appears to be a strong plication filling the bottom of the sinus. In Anti- 
spirifer Tuirroldi the fold is simple, and the bottom of the sinus is flat or concave, with (rarely) a 
faint narrow obsolescent riblet in the base. The musculature on the interior is very distinct in 
Vitulina and Antispirifer; unfortunately no comparison can be made of the brachial structures, 
for these are imperfectly known in Vitulina and not at all known in Antispirifer. Antispirifer also 
presents some analogies with Leptocoeha, "Coelospira,'' etc., but in these plicated plano-convex 
shells, as in Vitulina, the brachial valve is flat and the pedicle valve more strongly convex, 
whereas the reverse is true of Antispirifer. They are also smaller, have no cardinal area, and 
show a curved hinge line. 

One of the closest aUies of Antispirifer is Anabaia Clarke.* This spiriferid genus shares the 
peculiar feature of Antispirifer in having a flat pedicle valve and a convex brachial valve, but it 
is affiliated with "Coelospira," Leptocoeha, etc., in the absence of any cardinal area, in the 
rounded hinge line, and in the character of the musculature, septa, and cardinal process, which 
are similar to those of Leptocadia, flahellites. 

Antispirifer shows the closest afiUiation with Spirifer in the wide, straight hinge line, well- 
developed cardinal area, and triangular delthyrium; in the musculature, dental lamellae, and 
absence of real septa; in the simple, radially striate cardinal process; and finally in the general 
outline, ribbed surface, and finer surface markings. The only distinction which can be pointed 
out between Spirifer and Antispirifer is that in the latter the pedicle valve is less convex than the 
brachial valve. It is well known that in the genus Spirifer the pedicle valve is always strongly 
convex — ^with very rare exceptions, more convex than the brachial valve. In these rare excep- 
tions, which include Spirifer macrothyris Hall, S, acuminatus (Conrad), S. granulosus (Conrad), 
S. cuUrijugaius Roemer, S, gaspensis Billings ( = iS. Jierq/nix Giebel), and sometimes S. murchisoni 

> CUirtce, J. M., Upper Silurian fauna of the Rio Trombetas, Province of Para, Brazil: Mus. Nac. Rio de Janeiro Arch., vol. 10, 1899 (author's 
English ed., p. 13, Albany, 1900). See also Hall, James, and Clarke, J. M., Paleontology of New York, vol. 8, pt. 2, p. 141, figs., 1893. 
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C^istelnau, the greater convexity of the brachial valve is effected by the development of a 
high keeled fold. These large Spirifers can not be mistaken for Antispirifer, for they have a 
strongly convex pedicle valve, whereas in Antispirifer the pedicle valve is flat. Moreover, in 
the brachial valve of Antispirifer the fold is not keeled but is, on the contrary, rather low and 
broadly rounded. Antispirifer, as has been indicated, is represented by much smaller shells. 

Antispirifer harroldi sp. and gen. nov. 

Plate V, figures 1-13. 

Small Spirifer-like shell with flattened or resupinate pedicle valve; width slightly greater 
than the length; four to six ribs on each side of the simple fold and sinus. Pedicle valve flat or 
very depressed convex, rarely slightly concave; beak elevated above the hinge line, tip slightly 
incurved, and surface sloping in a plane to the sides and front; very slightly curved near the 
anterior margin. Outline somewhat pentagonal; posterior margin diverging in two nearly 
straight lines at an angle of about 146° to 155*^ from the beak to the hinge extremities, which 
are rectangular and somewhat pointed or slightly rounded. The lateral margins are subparallel, 
converging from the cardinal extremity nearly opposite the midlength, where they curve into 
the front margins, describing nearly a semicircle. The greatest width, which is between the 
cardinal extremities, exceeds the length 25 to 30 per cent. The cardinal area is well developed, 
of medium height, plane, or rather commonly very slightly arched, with the convex side of the 
arch directed posteriorly — contrary to the normal arching of the area in the Brachiopoda — and 
forming an angle of 140® to 160° with the plane of the margin. The delthyrium is large, trian- 
gular, acute, 60° to almost 90°, but it is impossible to state definitely whether it was closed or 
open. In the great majority of Spirifers as ordinarily preserved the deltidium has become 
detached, so that the delthyrium appears to be open. When such shells are preserved as internal 
molds the interior filling of the valve is continuous with the external matrix through the del- 
thyrium, which would not be the case if the deltidial covering intervened. These molds there- 
fore seem to indicate an open delthyrium, as do the few clean pedicle valve molds of Antispirifer 
Tiarroldi which have been observed. However, as the true Spirifers that are known to have had a 
closed delthyrium are commonly preserved in the same way, and as Antispirifer so closely resem- 
bles Spirifer in most of its essential features, its delthyrium was probably closed as in Spirifer. 
On the interior of the pedicle valve there is a strongly impressed musculature, which is triangular 
to lozenge-shaped or pentagonal in outUne, much like that of Spirifer murchisoni. It extends 
one-half to three-fifths the length of the shell and is longer than wide, the ratio of length to width 
varying from 1J:1 to 2:1, commonly nearer the former figures. It is limited on the sides by 
well-developed dental lamellae, standing under the third ridge on each side of the median sinus 
and extending one-fifth the length of the valve or less. The dental lamellae are strong in young 
shells, where they leave in the internal mold a clean incision; but toward maturity the cavity 
on the interior of the valve outside of the dental lamellae becomes filled in by the deposition 
of shell substance, and the internal molds of such mature forms present the highly elevated 
tongueUke cast of the musculature so characteristic of Spirifer murchisoni, Spirifer gas- 
pensiSf etc. An incipient median septum, or rather low elevated line, is developed between 
the muscular scars toward maturity (as in Spirifer hercynise and S. gaspensis), beginning 
at the posterior edge and extending only part way down the musculature. It is absent 
in most specimens; and when at all recognizable leaves a barely discernible impressed 
line in the internal mold, thickening at the posterior tip of the musculature. Such a line 
is present in many if not in most Spirifers and should not be confounded with the strong, 
sharp median septimi of Delthyris. The brachial valve is decidedly convex, the greatest 
height in the middle being from three-tenths to one-third the length. It presents the aspect 
of a convex brachial valve of Cyrtina hamiltonensiSj C. heteroclita, or C. dalmani, and may 
indeed be readily mistaken for Cyrtina in detached specimens. The outline is trapezoidal 
or semicircular, with a wide, straight hinge line equal to the width of the valve; the beak 
extends slightly over the hinge border. The lateral margins are subparallel from the rec- 
tangular hinge extremities, at first converging only slightly and then curving into the front 
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margin, forming a semicircle. The width is from 30 to 50 per cent greater than the length, com- 
monly nearer the former figure. A narrow cardinal area is discernible in some specimens. On 
the interior of the brachial valve the cardinal process is simple and radially striated, as in Spirifer, 
and seems to be merely the coalesced extremities of the crural bases. The crural bases diverge 
at a wide angle, are almost parallel to the hinge line, and produce an elevated front border for the 
diverging dental sockets. The brachial structures are xmknown. The adductor scars are feebly 
if at all impressed. A trace of the elevated median line present in Spirifer, Cyrtina, etc., is some- 
times discernible, thickening slightly toward the beak. 

On each side of the simple fold and sinus the surface is elevated into five or six radial plica- 
tions, the outermost one rather obsolescent; rarely only four are discernible. The plications 
are rounded, moderately to strongly elevated (only moderately elevated or rather low in the 
brachial valve), and with narrower interspaces. The ribs are preserved on the internal molds, 
where they are sometimes subangular, and, as is normal in plicated shells, thQ interspaces are 
wider than on the surface. The sinus in the pedicle valve is abruptly sunken below the plane 
of the siu'face and is flat at the bottom. The fold is of low or moderate height and rounded. 
Fold and sinus are simple. The sinus is slightly wider or slightly narrower than the bounding 
rib. The width of the fold is nearly equal to the width of two bounding ribs. The finer surface 
markings consist of close-set, concentric, elevated imbricating lamellse, of which eight or nine 
may be counted in the length of 5 millimeters near the front of the shell. These are crossed by 
fine radiating lines, of which there are four to six in the width of a millimeter, and which become 
spinulose on the crests of the lamellsB. The ornamentation, both coarse and fine, seems to be 
more conspicuous on the pedicle, valve than on the brachial valve. 

The measiu^ements of a few pedicle valves show the following dimensions of length and 
width, respectively: 12 by 16 millimeters; 11 by 15 millimeters; 12.5 by 17 millimeters; 12 by 
15 millimeters; 15 by 17+ millimeters. 

Three brachial valves measiu'e: 11 by 14.5 millimeters; 12.3 by 17 millimeters; 8.3 by 13 
millimeters. 

The shell structure is finely fibrous and impimctate imder a hand lens. 

The gregarious habit of the species is indicated by its abimdance wherever it occurs. The 
only fossil with which Antispirifer JtarroJdi is likely to be confused is Spirifer murckiaoni, which 
it resembles in the strong musculatiu'e, nimiber of plications, and fine surface markings. From 
this form Antispirifer may be distinguished by its smaller size, less transverse outline (especially 
conspicuous in the brachial valve), flat pedicle valve, and plane or inversely arched cardinal 
area. The concentric ornamentation is stronger and the dental lamellse are farther from the 
middle, being at or beyond the third ridge from the median sinus; they are at the second ridge 
or second furrow in S, murchisoni. As has been stated, isolated brachial valves of ArUispirifer 
harroldi may be easily mistaken for the brachial valves of such Cyrtinas as C. JuimiltoneTisis Hall, 
C. dcdmani Hall, or C. heteroclita De France. 

Localities: Moose River sandstone (locality 1100 A or A'), abundant; associated with 
Leptoccdia JldbeUiteSf Spirifer murchisoni; Moosehead Lake (locality 1076 E 3), associated with 
LeptocodiafldbeUites; Parlin Pond (locality 1059-12), associated with LeptocodiaJlaheUites. All 
these localities are in Somerset County, Maine. 

U. S. National Musemn, catalogue Nos. 59748, 59749, 59750. 

ANTISPIRirEB HARBOLDI var. TRANSVERSA U. VaF. 

Plate IV, figures 8, 9. 

A few Ajitispirifers in the Maine collections are distinguished from the Aormal forms by 
a more transverse outline. The length and width of some of these transverse specimens, in 
millimeters, are: Pedicle valves, 12 by 25, 10 by 18; brachial valves, 11 by 22, 12 by 22. 

No intermediate forms occur. These specimexis might be regarded as aberrant forms of 
Spirifer murchisoni, for they have the dental lamellse on the second ridge as in that species^ 
but they have the flat pedicle valve and plane or inversely arched cardinal area of Antispirifer. 
The fossils may represent a distinct species instead of variety. 
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Localities: Moose River sandstone, Detroit (locality 1100 AO, rare; Parlin Pond flocality 
1059-12, common; locality 1059, rare; and locality 1059 C, abundant and large). AU in 
Somerset County, Maine. 

U. S. National Museum, catalogue Nos. 59751, 59752, 59753. 

Family ATHYRIDiE PhiUips. 
' Genus NUCLEOSPmA HaU, 1860. 
NUCLEOSPIBA YENTBICOSA Hall. 

Plate V, figures 31-33. 

1857. Spirifer ventricosa. Hall, New York State Cab. Nat. Hiat. Tenth Ann. Rept., p. 57. 

Lower Helderbeig limestone: Albany CJounty, N. Y. 
1859. Nucleospira ventrioosa. Hall, Paleontology o( New York, vol. 3, p. 220, pi. 14, fig. 1; pi. 28 (B), figs. 2-9. 

Sbaly limestone of the Lower Helderberg group: Helderberg Mountains, Schoharie, and Cherry Valley, N. Y.; 
Cumberland, Md., etc. 
1859. NucUospira ventricosa. Hall, New York State Cab. Nat. Hist. Twelfth Ann. Rept., p. 25, figs. 

Lower Helderbeig: New York. 
1867. Nudeospira ventricosa. Hall, Paleontology of New York, vol. 4, pp. 277, 278. 

Lower Helderberg: New York. 
1886. NucUospira ventricosa. Darton, Am. Jour. Sci., 3d ser., vol. 31, pp. 212, 214. 

Lower Helderberg: Cornwall station, Orange County, N. Y. 
1893-95. NucLeospira ventricosa. Hall and Clarke, Paleontology of New York, vol. 8, pt. 2, p. 145, figs. 128-130; pi. 48, 
figs. 2-6, 18; pi. 84, figs. 39-40. 

Lower Helderberg: Helderberg Mountains and Schoharie, N. Y. 
1897. NucUospira ventricosa. Schuchert, U. S. Geol. Siu^ey Bull. 87, p. 273. 

Lower Helderberg: Schoharie, Cherry Valley, etc., N. Y.; Cumberland, Md. 
1897. NucUospira ventricosa. Weller, Jour. Geology, vol. 5, No. 6, p. 627. 

Lower part of Upper Helderberg:* Devils Bake Oven, near Grand Tower, Jackson Coimty, 111. (Zone I). 
1899. NucUospira ventricosa. Prosser, New York State Geologist Seventeenth Ann. Bept. (for 1897), p. 340. 

New Scotland shaly limestone: Countryman Hill, Albany County, N. Y. 
1901. NucUospira ventricosa. Prosser, New York State Geologist Eighteenth Ann. Rept. (for 1898), p. 55. 

New Scotland shaly limestone: Indian Ladder section, Countryman Hill, Albany County, N. Y. 
?1903. Nucleospira cf. N. ventricosa. Schuchert, U. S. Nat. Mus. Ptoc., vol. 26, p. 417. 

Manlius shaly limestone: Cash Valley, near Cumberland, Md. 
1903. NucUospira ventricosa. Weller, Paleontology of New Jersey, vol. 3, pp. 83, 87, 290, 316, pi. 30. figs. 19-22; pi. 37, 
fig. 16. 

Upper Coeymans limestone: 1} miles northeast of Hainesville, N. J. 

Upper New Scotland shaly limestone: Nearpass section, N.J. 
1903. NucUospira ventricosa. Van Ingen and Clark, New York State Mus. Bull. 69, pp. 1189, 1193, 1203, 1207. 

Upper Coeymans and upper Becraft limestones: Near Rondout, N. Y. 

Oriskany siliceous limestones: Glenerie, N. Y. 
1905. Nucleospira cf. N. ventricosa. Clarke, New York State Mus. Bull. 80, p. 146. 

Grande Greve limestones: North shore of Gaspe Bay, Quebec. 
1905« NucUospira ventricosa. Shimer, idem, pp. 207, 219, 220, 255, 264. 

Coeymans limestone and (?) upper New Scotland: Trilobite Mountain, Orange County, N. Y. 
?1905. Nucleospira cf. N. ventricosa. Hartnagel, idem, p. 355. 

Rosendale cement bed: High Falls, N. Y. 
1905. Nucleospira sp. Williams and Kindle, U. S. Geol. Survey Bull. 244, pp. 28, 32, 48. 

Top of Hancock limestone: East fork of Powell River (above floiuing mill; station 1376 A), Big Stone Gap, 
Wise County, Va. 

Giles sandstone [in beds of Oriskany age]: 1} miles above Hicksville (station 1379 A'^), Bland County, Va. 

An internal mold with both valves in conjunction and an isolated pedicle valve have 
been found in the Chapman sandstones at locality 1099 C, on Edmunds Hill. Another isolated 
pedicle valve comes from a point 2i nules west of Presque Isle Stream. The specimens are too 
poorly preserved for a detailed specific description, but the outline, convexity, and curvature 
are those of N. ventricosa; there is a narrow median sinus or groove on the pedicle valve, and 
in the interior a low Unear median septum and two thick unsupported teeth. A circular or 

< Probably representing the horizon of the Moose River sandstone of Maine, or zone of " Spirifer herqfnix.'* 
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oval muscular scar is divided longitudinally by the median septum and extends from the 
middle of the shell a trifle more than half the distance to the beak; this seems to be the scar of 
the adductors, while the diductor muscles apparently do not leave any discernible impression. 
In the brachial valve there is also a linear median septum extending nearly to the front margin, 
slightly stronger than that of the pedicle valve and ending in a massive bilobed cardinal process. 
The peculiar distinctness of the oval adductor scar, especially as compared with the diductor 
scar, the occurrence of a median linear septum in both valves, and a massive cardinal process, 
which is remarkably ponderous for such small shells, serve to recall the internal structures of 
Leptoccdia flaheUites. 

Locality: Chapman sandstone, Edmunds Hill, and 2i miles west of Presque Isle Stream, 
Chapman Township, Aroostook County, Maine. 

U. S. National Museum, catalogue Nos. 59754, 59755. 

Qenus liSPTOCCELIA HaU. 

The first definition and illustration of the genus Leptocoelia was published by Hall ^ in 1859. 
The date (1859) for the original and valid publication of the name Leptoccelia is determined by 
the rules of zoologic nomendatiu'e adopted by the British Association in 1842,^ according to 
which '*two things are necessary before a zoological term can acquire authority, viz, definition 
and publication." 

In 1857 the nude generic name LeptocoeUa' had been apphed to three new species^ L, con^ 
cava J L. irnbricaia, and Z. propria, but no definition of the name was given. 

In connection with the publication of the definition in 1859 three species were named, 
described, and figured. The first species was Leptoccdia flaheUites (Conrad), which must, there- 
fore, serve as the genotype. 

In the original definition of the genus a supposed brachial loop similar to the loop of tere- 
bratuloid brachiopods was interpreted from some mineral fillings described and figured in a 
single cast of Leptoccdia fiaieUites. No confirmation of the interpretation of these appendages 
has ever been made. For several years Leptocceha was supposed to belong with the Tere- 
bratulas, but in 1863 spiral appendages were discovered in the species Leptoccdia concava Hall,* 
and this feature is sufficient to remove that species from the terebratuloid type. The discovery 
of the spiral appendages in itself, however, did not justify the foimding of the genus Coelospira, 
to which L. coTicava was referred. 

Studies by HaU and others have cast much doubt on the correctness of the interpretation 
of the "brachial loop" in L. JlabeUites, Paleontologists to-day regard the loop as nonexistent 
in LeptocoeUa, which is regarded as spire-bearing.* Leptoccelia Jlabellites is similar in internal 
features to Nucleospira ventricosa, as has been indicated in the description of the latter form. 

The uncertainty regarding the brachial appendages of LeptocoeUa does not, however, 
invaUdate the original definition of the genus. So long as there is no certain knowledge regard- 
ing the appendages of Leptoccdia Jlabellites, the genus LeptocoeUa may be assmmed to be dif- 
ferent from Coelospira. Even if Leptoccdia flaheUites were found to possess spiral appendages 
like those of Coelospira, the result would not disturb the vaUdity of LeptocoeUa; it would merely 
serve to prove that Coelospira is congeneric with LeptocoeUa, from which it was removed chiefly 
on accoimt of the presence of spiral appendages. In any event the name LeptocoeUa is appUcable 
to Atrypa JlabeUites Conrad. 

Reference of LeptocoeUa to Anoplotheca Sandberger, as proposed by Schuchert,' on the 
ground of certain simUarities, seems untenable. In the definition of Anoplotheca Sandberger 
emphasizes the absence of pedicle opening, hinge area, and deltidium,' as foUows: '* Testa 
ovata, convexo-concava, imperforata, area et deltidio carens," and, in German, '*Schale von 

1 Paleontology of New York, vol. 3, p. 447, pis. 1Q3B and 106. 
s See Am. Jour. Sci.. 2d ser., vol. 48, p. 102, 1869. 

* New York State Cab. Nat. HJst. Tenth Ann. Rept.. pp. 107-108, 1857. 
4 New York State Mus. Sixteenth Ann. Rept., p. 60, 1863. 

• New York State Geologist Thirteenth Ann. Rept., p. 803, 1894. 
« U. 8. Oeol. Survey BuU. 37, p. 144, 1897. 

7 K. Akad. Wlss. Wien, Sitsungsber., Math.-naturw. Kl., vol. 16, p. 6, April, 1855. 
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eiformigem Umrisse, convex-concav, ohne Stieloffnung, Schlossfeld, und Deltidium." In the 
specific description of Leptoccdia flaieUites the beak is described as having '^a small round 
perforation in the extremity which is completed on the lower side by the deltidial pieces." * 
In the description of Leptoccdia Jimhriata the same pedicle opening and deltidial pieces are 
noted.' These differences in structure, so positively indicated in the original definition of the 
genera, and present doubt regarding the similarity of the brachial appendages of Leptocoelia 
and of Anoplotheca are sufficient grounds for not confusing the genera. Leptocoelia will there- 
fore continue to stand as the proper generic name for Leptoccdia Jlabeliites (Cionrad), Leptoccdia 
fimbriata Hall, and their congeners. 

Leftoccelia flabellftes (Conrad). 

Plate V, figures 19-30. 

1837. '*Terebratul£e." Jackson, Fisst annual report on the geology of the State of Maine, p. 128, pi. 50, fig. 6, (pars), 9. 
Grajrwacke: Maine. 

1839. cf. OrOiM callactis (not Sowerby). MurchiBon, Silurian system, p. 701. 
Brownish sandstone: Cedar Mountain, north of the Cape Colony. 

1840. Orthis callacHs (not Sowerby). De Vemeuil, 8oc. geol. France Bull., vol. 11, p. 166. 
Sandstones: Cedar Mountains, Cape Colony. 

1841. AtrypaflabellUes. Conrad, New York Geol. Survey Fifth Ann. Bept., p. b5. 
Oriskany sandstone: Near Saugerties, N. Y. 

1842. Terebratida peruviana,^ D'Orbigny, Voyage dans PAm^rique m^ridionale, vol. 3, pt. 4, p. 56; Atlas, pi. 2, figs. 

22-25. 
Sandstone: Rio Chalhuani, Bolivia. 
1846. Atrypa pdlmata, Morris and Sharpe, Geol. Soc. London Quart. Jour., vol. 2, p. 276, pi. 10, ^. 3. 
Devonian: Falkland Islands. 

1856. OrtkU pdlmata. Sharpe and Salter, Geol. Soc. London Trans., 2d ser., vol. 7, p. 207, pi. 26, figs. 7-10. 
Ferruginous rock: Cold Bokkeveld, South Africa. 

Dark schists: Warm Bokkeveld, South Africa. 

''With Conularia in the Cedarbeig '' (Cedar Mountains), South Africa. 

Light-colored schists: Kokmans Kloof, South Africa. 

1857. Leptoccdia propria. Hall, New York State Cab. Nat. Hist. Tenth Ann. Kept., p. 108. 
Oriskany sandstone: New York, Maryland, Canada. 

1859. Leptocoeliaflahell%te8. Hall, New York State Cab. Nat. Hist. Twelfth Ann. Rept., p. 33, figs. 1, 2, 4. 

No formation or locality given. 
1859. Leptoccdia flahellites. Hall, Paleontology of New York, vol. 3, p. 449, pi. 103B, fig. 1, pi. 106, fig. 1. 

Oriskany sandstone: Albany, Schoharie, Greene, and Ulster counties, N. Y.; Cumberland, Md.; Virginia; 
Canada. 
1861. Leptoccdia flahellites, Billings, Canadian Jour., vol. 6, p. 351, fig. 126. 

Oriskany sandstone and Comiferous limestone: Haldimand, Canada West. 

Oriskany: Gaspe, Quebec. 

1861. OrthiB aymara. Salter, Geol. Soc. London Quart. Jour., vol. 17, p. 68, pi. 4, fig. 14. 

*' Silurian:" Valley of Millepaya and other localities on the western side of the Andes Mountains, Bolivia. 
Devonian: South Africa; Falkland Islands; Gaspe, Quebec. 

1862. Leptococelia flahellites. Hitchcock, Portland Soc. Nat. Hist. Proc., vol. 1, pt. 1, p. 79. 
Oriskany sandstone: In belt from Parlin Pond, Somerset County, to Aroostook River, Maine. 

1863. Leptoccdia fidbellites, Billings and Logan, Geology of Canada, p. 369, figs. 382, pp. 392, 393, 398, 439, 885. 
Gasp^ limestones Nos. 4 and 5 (Lower Helderbeig-Oriskany transition): Cape Gaspe, Quebec. 

Gasp^ limestone No. 8, (Oriskany): Gaspe, White Head, Perce Rock, and Cape Barry, Quebec. 

Gasp^ sandstones: Patawegia Brook, near York River; north side of inner basin at Gaspe, and on Douglastown 

River; all on Gaspe Peninsula, Quebec. 
Comiferous limestone: West of Grand River, in Haldimand and Norfolk counties, Canada West. 

1867. Leptoccdia acutiplicata (pars). Hall, Paleontology of New York, vol. 4, p. 365, pi. 57, figs. 34, etc 
Comiferous limestone: Waterloo, Seneca County, N. Y. 

1868. Leptoccdia fiahellitee. Meek and Worthen, Illinois Geol. Survey, vol. 3, p. 397, pi. 8, fig. 3. 
Oriskany cherty limestone: Dry Fork of Clear Creek, Union County, 111. 

1874. Leptocadia flaJbellitei. Billings, Paleozoic fossils, vol. 2, p. 42, pi. 3, figs. 5, 6. 

Gaspe limestone No. 8, and lower part of overlying Gaspe sandstones: Gaspe Bay, Quebec. 



> Hall, James, Paleontology of New York, yoL 3, p. 449, 1860. 
s Idem, p. 450. 

> As a result of the researches of Kayaer, Ulrich, and Thomas, this name is generally regarded as a synonym of Leptoetrlia flabellitts. The fossil 
as figured by D'Orbigny shows a strongly convex brachial valve. Such strong biconvexity is not characteristic of Leptocoelia. 
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1879. Leptocoslia flabellUes. Dawson, Canadian Nafcuralist, vol. 11, p. 7. 

Nictau iron ore and dark slates (Oriskany): Nictau, Nova Scotia. 
1882. Leptooc£lia fiahellites. Stevenson, Pennsylvania Second Geol. Survey Kept. T2, p. 104. 

Lower Oriskany fine-grained dark-blue sandstone: Wills Creek, near Hyndman, Bedford County, Pa. 

1882. Leptocaliaflahellites. I. C. White, Pennsylvania Second Geol. Survey Kept. G7, pp. 86, 297. 
Oriskany cherty beds: Cooper Township, Montour County, Pa. 

1883. LeptocaeliaflabelHtes. Ells, Canada Geol. Survey Kept. Progress for 1880-1882, pp. 9DD, 13DD. 

Upper Gaspe limestones (Oriskany): Perce Kock, Indian Cove, Grande Greve, and Little Gaspe, Quebec. 

Gaspe sandstone (basal beds): York and Dartmouth rivers, and near Gaspe, Quebec. 
?1884. Leptocoelia cf. L. acutiplicata. Walcott, U. S. Geol. Survey Mon. 8, p. 276. 

Ix)wer Devonian: Eureka district, Nev. 
1885. LeptoeaUafiabelliUs. Ells, Canada Geol. Survey R^pt. Progrees for 1882-1884, pp. 24E, 30E. 

Gaspe Oriskany [whether sandstones or upper limestones not stated]: Hills in the rear of Gaspe village, Gaspe, 
Quebec. 

Gaspe (lower ?) limestones (at contact with Ordovician): Cape Hosier Bay, Quebec. 
1887. Leptooalia fiahelliUs, Ami, Canada Geol. Survey Ann. Kept., new ser., vol. 2, p. 9N. 

Oriskany slates and sandstones: Campbell Kiver, at junction with Don Klver, New Brunswick. 

1891. Leptocoelia flabellites. Steinman, Am. Naturalist, vol. 25, p. 856. 

Lower Devonian; North America, Bolivia, Falkland Islands, and South Africa. 

1892. Leptoccslia flabellites. Clarke, Am. Jour. Sci., 3d ser., vol. 44, p. 415. 
Oriskany dark siliceous limestone: Becraft Mountain, N. Y. 

1892. Leptocxlia flabellites, A. Ulrich, Neues Jahrb., Beilage Band, vol. 8, p. 60, pi. 4, figs. 9-13. 

Lower Devonian: Millepaya Valley, west slope of the Illampu Mountains, Bolivia, and elsewhere on the west 

slope of the Bolivian East CordiUeras. 
Ida formation (calcareous or fine-grained rocks): Chahuarani, Ida, Huamampampa, Tarabuco, Chalhuani, Oconl, 

Pulquina, Agua Blanca, and Totora, Bolivia. 
Ida formation (light-gray micaceous quartzLtic sandstones): Chililaya, east side of Lake Titicaca. 
Sandstone (Ida formation): Kio Chalhuani, Bolivia (D'Orbigny). 

1893. Leptocalia flabellites. Von Ammon, Gesell. Erdkunde Berlin Zdtschr., vol. 28, p. 363, fig. 7. 
Lower Devonian: Taquarassu, Matto Grosso, Brazil. 

189^1895. Leptocoeliaflabellites. Hall and Clarke, Paleontology of New York, vol. 8, pt. 2, p. 137 (1893); pi. 53, figs. 40- 
46, 53 (1895). 

Oriskany: Cumberland, Md.; Falkland Islands (as Atrypa palmata Morris and Sharpe); Cordilleras of Bolivia 
(as Orthis aymaia Salter); South Africa (as Orihis palmata Salter); Matto Grosso, Brazil. 
1895. Leptocoelia fl€U>ellites. Ami, Canada Geol. Survey Ann. Kept., vol. 6, p. 15Q. 

Nictau beds (Lower Devonian): Nictau, Nova Scotia. 
1897. Anoplotheca flabellites. Schuchert, U. S. Geol. Survey Bull. 87, p. 144. 

Oriskany and Comiferous: Schoharie and vicinity, N. Y.; Haldimand County, Ontario; Gaspe, Quebec^ Cum- 
berland, Md.; Union County, 111.; Bolivia; Taquarassu, Matto Grosso, Brazil; Falkland Islands; South Africa. 
1897. Leptocoelia flabellites. Kayser, Deutsch. Geol. Gesell. Zeitschr., vol. 49, p. 304, pi. 12, figs. 5-6. 

Lower Devonian: Chilalaya, Lake Titicaca. 

Devonian: Falkland Islands; Peru; Bolivia; Brazil; South Africa. 

Oriskany: North America. 
1899. Leptocoelia flabellites. Prosser, New York State Geologist Seventeenth Ann. Kept, (for 1897), p. 342. 

Oriskany calcareous quartzite: Countryman Hill, Albany County, N. Y. 

1899. Anoplotheca flabellites. Schuchert, Am. Jour. Sd., 4th ser., vol. 7, p. 432. 
Camden chert: Camden and vicinity, Benton County, Tenn. 

1900. Leptocalia flabellites. Clarke, Mus. Nac. Kio Janeiro Arch., vol. 10, 1899 (English ed., p. 99, 1900). 
Ida shales (Lower Devonian): Ida, Bolivia. 

1900. Anoplotheca flabellites. Schuchert, Geol. Soc. America Bull., vol. 11, pp. 271, 284, 313, 324. 

Shales of the age of the New Scotland and Becraft: Devils Backbone, Kreighbaum station (Baltimore <& Ohio 
Kailroad), Md. 

Lower Helderberg: Mary land- Virginia region; Gaspe and Nova Scotia. 

Kingston beds (Port Ewen) below the Oriskany: Devils Backbone, near Cumberland, Md. 

Oriskany: Oneida and North Cayuga townships, Ontario. 

Monterey formation: About Cumberland, Md. 
1900. Leptocoelia flabellites. Clarke, New York State Mus. Mem., vol. 3, No. 3, pp. 42, 73, 75, pi. 5, figs. 33-36. 

Oriskany (dark siliceous limestone): Becraft Mountain; Glenerle; near Kingston, on the West Shore Kailroad, 
one-half mile southeast of Kondout Creek, N. Y. 
1903. Anoplotheca flabellites. Schuchert, U. S. Nat. Mus. Proc., vol. 26, p. 422. 

Becraft limestone: Cherry Kun, W. Va. 

Oriskany siliceous shale: Bridge 21, Baltimore & Ohio Kailroad, near Keyser, Mineral County, W. Va. 
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1903. Anoplothecajlabellites. Weller, New Jersey Geol. Survey, Paleontology, vol. 3, pp. 9B-102, 357, pi. 49, figs. 1, 2. 
Orbiculoidea jervisensia zone, or middle Oriskan} (siliceous limestone): Wallpack Bidge, N. J., 5 miles from New 

York State line. 
Spirtfer murchisoni zone, or upper Oriskany (siliceous limestone): Werden Farm, Nearpaas region; three-fourths 
of a mile west of Layton; three-fourths of a mile north of Peters Valley; 1) miles east of Flatbrookville, all in 
New Jersey. 
1903. Leptoooeliaflabellites. Van Ingen and Clark, New York State Mus. Bull. 69, pp. 1203, 1207. 

Oriskany (sandy and cherty beds): Glenerie and Kondout, N. Y. 
19G3. Anoplothecajlahellites, Katzer, Geologie desunteren Amazonaogebietee, p. 196, pi. 12, fig. 6. 
Spirifer sandstone: Kio Maecuru, Para, Brazil. 

1903. LeptocceliaflabelliUa. Keed, South African Mus. Annals, vol. 4, p. 189, pi. 28, fig. 10. 

Bokkeveld series (Lower Devonian): Gydo Pass; just north of Stinkfontein; Ginka Poort; Ceres, South Africa. 
Foesiliferous first or lowest sandstone: North of homestead, Uitkonist, South Africa. 
Devonian: Argentina; Falkland Islands; Bolivia; Brazil; Cape Colony; North America. 

1904. Trigeria (?) oehlerti. Drevermann, Palaeontographica, vol. 50, p. 260, pi. 30, fig. 23 (cet. excl., not fig. 24). 
Siegen graywacke: Seifen, near Dierdorf, in the Westerwald, Germany (not Herdorf). 

1905. Leptocasliaftabellites. Clarke, New York State Mus. Bull. 80, pp. 143, 146, 148, 149. 
Grande Greve limestones: North side of Gaspe Bay. 

Perce strata: Perce Rock, Gaspe, Quebec. 
Gaspe sandstone: Gaspe, Quebec. 
1905. LeptocceliaflabelUtes. Shimer, idem. pp. 206, 228, 229, 234, 253, 254, 264. 

Middle Oriskany (zone with (hbiculoideajermeTisia) and upper Oriskany, or Spirifer murchiaoni zone (both dense 
blue limestones): Trilobite Mountain, N. Y. 
1905. Leptooxlia flahellites. Thomas, Deutsch. geol. Gesell. Zeitschr., vol. 57, p. 264, pi. 14, figs. 35a-c. 

Devonian: Cerro del Agua Negra, Azgentina. 
1905. Anoplotheca cf. A.flabellites. Williams and Kindle, U. S. Geol. Survey Bull. 244, pp. 34, 43, 48. 

'Oriskany" coarse sandstone: Rear of Alabama Row, White Sulphur Springs Hotel, W. Ya. (as Leptocoelia sp., 

p. 34). 
'Oriskany" soft coarse brown sandstone: Near Chesapeake & Ohio Railway bridge one-half mile west of Clifton 
Forge, Alleghany County, Va. 

A small plano-convex shell of rounded outline with 10 to 14 simple ribs, having adductor 
muscular scars more prominent than the diductors, a massive bilobed cardinal process in the 
flat brachial valve, and a thin, low median septum or elevated line in each valve. Pedicle 
valve strongly convex throughout, commonly broadly inflated, rarely subcarinate; the great- 
est height, which is two-fifths the length from the beak, is equal to one-third the length of the 
shell; length occasionally equal to the width, but conunonly less in the ratio 6 : 7. Greatest 
width near or slightly anterior to the middle. Hinge line short, curved. The posterior mar- 
gin of the shell declines from the rounded beak at an angle of 105° to 135°, commonly nearer 
the latter; cardinal extremities rounded, forming with the lateral and front margins a deep 
curve of more than 180° and nearly 240°. Cardinal area practically lacking; delthyrixun 
closed by deltidial plates. On the interior of the pedicle valve the most conspicuous features 
are the strong rounded teeth, unsupported by lamellae; the imusual feature of the diductor 
cicatrix obscure and the adductor scars fairly conspicuous, much more so than the diductors: 
and the thin, low median septum extending one-half to tliree-fifths the length and apparently 
forking at the anterior end. In internal molds the two large, deep oval holes left by the teeth 
are very conspicuous; they are separated by a little more than their own width; the space 
between the outer mai^ins of the teeth is equal to one-third the width of the shell, or a trifle 
more. The teeth appear to rise as thick, blunt processes from the base of the valve and are 
not supported by distinguishable lamellae. The diductor cicatrix is rarely distinguishable but 
appears to be flabellate and a little wider than long. It extends the length of the median sep- 
tum. The sides of the musculature diverge at an angle of about 90°. The pedicle cavity is 
large. The adductor scar is oval, is longer than wide, extends frequently as far forward as 
one-third the length from the beak, and is divided longitudinally by the median septum. The 
median septum is a narrow, sharply elevated line beginning at the forward end of the pedicle 
cavity, becoming conspicuous in passing through the adductor cicatrix, extending half or 
three-fifths the length and bifurcating in front into two short branches, which are extremely 
faint, rarely discernible, 1 to 2 millimeters long, and diverge at an angle of about 60° or more. 
These branches probably serve to limit the anterior end of the musculature. 
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The brachial valve is flat, sometimes slightly concave and sometimes (especially toward 
the front) slightly convex. The outline is romided, the posterior margin diverging from the 
pointed beak at an angle of about 150^ or 155^. The length is equal to or slightly less than 
the greatest width. On the interior of the brachial valve the most conspicuous featiu*es arte 
the thick hinge plate and the massive lobed cardinal process. The mesial septum in the 
brachial valve is a low, narrow, sharp* ridge extending about halfway to the front. It becomes 
thickened in front of the hinge plate where it halves the adductor scar longitudinally. The 
lateral and anterior margins of the scar are indefinable. The cardinal process is massive, occu- 
pying a large part of the umbo, and extends backward at an angle of 155^ or slightly more 
with the plane of the margin. The lower and main mass of the process is imdivided, but at 
the summit the process becomes lobed. There appear to be four small lobes in perfect speci- 
mens. In the molds each crural base leaves a sharp, deep pit at the base of the cardinal proc- 
ess. The umbonal region in such specimens presents an appearance similar to that of Mega- 
lanteris (''Beachia"); Bensselaeria rnainensiSj and Nudeospira verUricosa. This indicates 
that the crursB extend directly into the body cavity of the animal as in the terebratulids, rather 
than diverging widely subparallel to the hinge, as in Spirifer and many spire-bearing shells, 
and suggests that Leptoccdia flabeUites may after all prove to possess a terebratulid brachidium. 

The surface is covered with 8, more frequently 10, or rarely 12, radiating ribs (10 to 14 
are usually regarded as the limits in the species), which are strongly elevated, rounded to sub- 
angular, and separated by interspaces narrower than themselves. A sinus in the convex pedicle 
valve and a fold in the flat brachial valve are conmionly but not invariably present. The sinus 
in the pedicle valve is produced most frequently by the disappearance of the median rib, but 
very conunonly the bounding rib on each side is a little strengthened; the median rib may 
then also be present, but more or less obsolescent, appearing as a riblet in the sinus. The fold 
in the brachial valve is produced by the strengthening of the two median ribs. The groove or 
interspace between these two ribs is slightly wider and deeper than the grooves between the 
other ribs. One or two concentric varices of growth are commonly observable. No finer sur- 
face ornamentation has been seen. Shell structure finely fibrous; impunctate under a hand 
glass. The common size of the pedicle valve is 11 or 12 millimeters long and 13 or 14 millime- 
ters wide. The largest specimen observed was 14 millimeters long and 17 millimeters wide. 

Leptocadia fiabeUitea occurs in North America, South America, and South Africa in rocks 
of the age of the Oriskany sandstone and also in the younger "zone of Spirifer hercynise.^^ 
Apparently it extends upward into the "Comiferous" in Ontario. It is abundant and a domi- 
nant member of the fauna wherever it occurs; it is particularly so in the Moose River sand- 
stone. It has been found in this formation at Parlin Pond (locality 1059 C), Moosehead Lake 
(locality 1076 E'), and Detroit (locality 1100 A), all in Somerset County, Maine. 

U. S. National Museum, catalogue No. 59756. 

Comparisons. — ^The Maine specimens are distinguished for having the minimum number 
of phcations, which are rounded. In Illinois, South America, and South Africa the species is 
represented by larger individuals with more angular ribs, the number of which is commonly 
the maximum for the species, 12 or 14. The Gaspe specimens also have 12 or 14 ribs. 

The absence of Leptoccdia jldbeUites in Europe is worthy of special note. In the normal 
Oriskany fauna of New York, New Jersey, Pennsylvania, Maryland, and Virginia, as well as 
in such other faunas as seem to represent the younger ''zone of Spirifer hercynix" (as at (jaspe, 
Quebec; in Nova Scotia; in Somerset County, Maine; in Appalachian Pennsylvaxiia to Mary- 
land; in IlUnois and Tennessee; on Rio Alaecuru, Para, Brazil; in Argentina; the Falkland 
Islands; and South Africa), Leptoccelia is one of the most abundant and dominant elements 
of the fauna. It seems therefore remarkable that this species, so abundant, very frequently 
forming of itself thick masses, in America and South Africa, should be unrecorded from rocks 
of similar age in Europe. 

It is probable that in Europe the species is absent or extremely rare, else it would have 
been reported long ago. Only within the last few years have any fossils been reported from the 
European faunas that can be closely compared with Leptoccdia flaheUites. One of these, which 
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seems to be identical with this cosmopolitan species, is Trigeriaf oeKlerti Drevermann,^ from the 
Siegen graywacke of Seifen, near Dierdorf, in the Westerwald. The fossil as figured by Drever- 
mann has a depressed convex valve and is subcircular in outline, with a fold produced by two 
strong ribs, and on. each side there are four slightly smaller rounded ribs. The internal mold 
figured by Drevermann has much the same aspect as the specimens of Leptoccdia flaheUites 
occurring in the faunas of Somerset County, Maine, and his figure shows at the umbo a peculiar 
expression similar to that occurring in intenial molds of L,JlabeUites and produced by the massive 
cardinal process. (Compare some of the figures in the present work.) Drevermann's species 
seem to represent the phase of Z. flabeUites represented by the Maine fossils — ^that is the 
paucipUcate type with small shell and only 8 or 10 rounded ribs. Drevermann gives a scanty 
description of the fossil, and though ordinarily I should feel much hesitancy in uniting with a 
transcontinental species a European fossil known practically only from a single figure of a 
fragmentary brachial valve, yet so peculiar are the features of Leptoccdia flabeUites that it is 
safe to call attention to Trigeriaf oeJUerti Drevermann s. str. (not his fig. 24) as its possible 
European representative. 

Drevermann illustrated in his figure 24 a form from the Siegen graywacke (Unter 
Coblenzian ?) of Herdorf, in the Westerwald, which he provisionally regarded as cospecific 
with Trigeriaf oeKlerti from Seifen. The Herdorf fossils are, however, very distinct, having 
the fold in the pedicle valve and the sinus in the brachial valve and beixig in this respect similar 
to CemtroneUa (Trigeria) bergeroni Oehlert from the French Eo-Devonian. In Leptoccdia 
flabeUites and the Seifen fossils the fold is in the brachial valve. The Herdorf fossils also appear 
to have 16 or 18 ribs. 

Genus MBBISTBLLA HaU, 1850. 

Meristella cf . M. BEixA Hall. 

Plate VI, figures 16, 19, 20. 

■ 

1857. Merista bella. Hall, New York State Cab. Nat. Hist. Tenth Ann. Rept., p. 92, figs. 1-7. 

Shaly limestone of the Lower Helderberg: Albany County, N. Y. 
1859. Meriatella bella. Hall, Paleontology of New York, vol. 3, p. 248, pi. 40, fig. 1. 

Shaly limestone of the Lower Helderberg: Helderberg Mountains, Schoharie, Carlisle, and elsewhere in New 
York. 
?1891. MensUlla bella. Whitfield, New York Acad. Sci. Annals, vol. 5, p. 510, pi. 5, figs. 8-10. 

Lower Helderberg hydraulic limestone: Greenfield, Ohio. 
1895. Meristella bella. Hall and Clarke, Paleontology of New York, vol. 8, pt. 2, pi. 43, figs. 7-9; pi. 44, figs. 1-3. 

Lower Helderberg: Helderberg Mountains and Schoharie, N. Y. 
?1895. MensUlla bella. Whitfield, Ohio Geol. Survey, vol. 7, p. 412, pi. 1, figs. 8-10. 

Lower Helderberg (?)' hydraulic limestone: Greenfield, Ohio. 
1897. MensUlla bella. Schuchert, U. S. Geol. Survey Bull. 87, p. 266. 

Lower Helderberg: Albany and Schoharie counties, N . Y. ; Greenfield, Ohio; Lake Temiscouata, New Brunswick. 

1899. MerisUlla bellaf Prosser, New York State Geologist Seventeenth Ann. Rept. (for 1897), p. 350. 
New Scotland shaly limestone: Oniskethau Creek section near Clarksville, Albany County, N. Y. 

1900. MerisUlla 'bella. Schuchert, Geol. Soc. America Bull., vol. 11, p. 284. 
Lower Helderberg (New Scotland): New York, Maine, and New Brunswick. 

1905. Meristella cf . M. bella. Williams and Kindle, U. S. Geol. Survey Bull. 244, p. 48. 
Sandy and cherty beds: Southern Railway, near Big Stone Gap, W^ise County, Ya. 

Two gibbous pedicle valves in the collections of the Chapman fauna are referred with 
doubt to the genus Meristella and species M. beUa Hall. They are of small size, ovate outline, 
and without any definable sinus in the pedicle valve, though the anterior margin is constricted 
for a short distance in the middle, indicating that a faint sinus may possibly exist in the brachial 
valve. The posterior margin is obtuse (95°-115°). The greatest width at the well-rounded 
shoulders is near the midlength of the shell and the length is equal to the width. The umbo is 
well inflated. On the interior of the pedicle valve the muscular scars are well developed. The 
oval pedicle musculature with a narrow impressed median line extends one-third the length 

1 Palaeontographlca, vol. 50, p. 260, pi. 30, fig. 23, cet. excl., not fig. 24, 1904. 

s This horizon appears to be about that of the Manlius I imestone. Associated with several species of Helderbcrgian aspect are Spirifer vaniaetKi 
and some Silurian fosBils. 
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of the valve and is surrounded by a slightly elevated rim; from its front end the diductor scars 
extend in a triangular flabellate patch, strongly striate radially toward the front, with the sides 
diverging at an angle of 90^. The musculature extends three-fourths the length of the shell 
from the beak. In the musculature of Meristejla heUa figured by Hall and Clarke/ the front 
does not extend more than three-fifths the length from the beak, but the sides diverge at a 
right angle, as in the present specimen. In another individual of Jlf. beUa from the New Scot- 
land limestone of Clarksville, in the Helderberg Mountains (Cornell University Museum col- 
lections No. 186), the musculature extends three-fourths the length or more, as in the Maine 
specimens, but the margins are acute, diverging at 60®. 

In the small size, transverse outline, absence of a strong sinus in the pedicle valve, and 
probable occurrence of a slight sinus in the brachial valve,' the present forms approach Meris- 
teUa beUa, and the musculature is also similar. The sinus, which is generally present, though 
more or less obscure, in the anterior surface of the pedicle valve of Jf . beUaj is not present in the 
two Chapman pedicle valves examined; it is also occasionally absent in New York specimens 
of HalVs species. The Maine specimens are provisionally referred to M. beUa Hall. 

Locality: Chapman sandstone, west side of Edmunds Hill, Chapman Township, Aroostook 
County, Maine. 

U. S. National Museum, catalogue No. 59757. 

Comparisons. — MeristeUa beUa is a remarkable little species distinguished from the normal 
MeristellaB of the Silurian and Devonian by its smaller size and by the usual occurrence of a sinus 
in both valves at the front margin.* In these rather important respects, M. beUa agrees with 
Hindella (Whitfieldella of authors). Superficially the species is similar to the Merista {Whit- 
addeUa) oblata of Hall, the only distinction being that the insinuation is generally slightly 
deeper in M. beUa. 

In external appearance these species differ little from the European Silurian (Gothlandian) 
MeristeUa {WhitfLddeUa or HindeUa*) didyma (Dalman) of Davidson and authors,* the exter- 
nal appearance, the musculature, and the septal feature being remarkably similar. How- 
ever, in the genus MeristeUa the jugum has a circular loop on each side, but this circular loop 
is absent in Whitfieldella, where the jugum ends in a simple straight spur. Hall and Clarke • 
state definitely that the MeristeUa type of brachidium, with a circular loop added to each side 
of the jugum, has been observed in M. beUa, so that this species is a true MeristeUa, whereas 
WhitftdieUa oblata is a typical form of HindeUa (Whitfieldella), as is also Hindella ( Whitfieldella) 
didyma of authors. 

Gtonua PBNTAOONIA Cozzens, 1846. 

Pentagonia (?) sp. indet. 

Plate VI, figure 24. 

cf. 1904. Athyiis sp. nov. Drevermann, Palaeontographica, vol. 50, p. 259, pi. 30, figs. 20, 20a. 
Si^en (?) graywacke; Unkel, Germany. 
Lower Coblenzlan (?) graywacke: Herdorf , Germany. 

An internal mold which presents such interesting characters that, fragmentary and very 
imperfect as it is, it has been figured in this report. The remarkable feature is the low, broad, 

1 Paleontology of New York, vol. 8, pt. 2, pi. 44, fig. 1, 1895. 

* A brachial valve (see PI. VI, fig. 16) of a Meristella of the same slxe and proportions as the forms undo* discussion and probably representing 
the same species has since been found in the collections from the same locality (1099 M). It shows the front margin slightly insinuate, with a very 
faint short sinus and a depressed convexity of the anterior two-fifths of the valve. The specimen, which is an internal mold, shows a strong median 
septum extending three-fifths the length. The posterior margin diverges from the beak at an angle of 95*. The greatest width is distinctly well in 
fhmt of the zioiddle; width, 16 millimeters; length, 16 millimeters. Of the other specimens, one is 14.5 millimeters long and wide, and the other 
16 millimeters. 

* The little MeriaUUa meta Hall and Clarke, from the Hamilton of New York, also has an lnsinuatk>n at the front in both valves, thus agreeing 
with Whitfieldella. 

* Whitfieldella and Hindella are now regarded as essentially identical. (See Schuchert, Charles, in Eastman's American edition of Zittcl's Text- 
book of paleontology, vol. 1, p. 338, 1900.) Hindella is the older term and has priority. The Whitfieldellas may be distinguished superficially 
from Hindella in having the front margin insinuate, but no internal distinction is known. The insinuation of the margin is apparently a character 
variable in the same species. 

* Probably not Dalman's species. In the Gotland Island Whitfieldellas which furnished Dalman's tyi>es the umbo in the pedicle valve is elevated 
above that of the brachial valve, thus entirely exposing the large delthyrium and the deltidial plates. (See Hall, James, and Clarke J. M., Pale- 
ontology of New York, vol. 8, p. 60, pi. 40, figs. 14, 15, 1895.) Such a form does not occur in America, nor apparently in England. 

* Op. cit., p. 78. 
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rounded fold which occupies most of the width of the valve. On each side near the lateral 
margin is a shallow sinus or flat area; the extreme lateral margin is ridgelike and abruptly 
raflected. This remarkable curvature recalls the form of Pentagonia unisulcata,^ but the present 
specimen has a much lower and more roimded fold without any groove or sinus,' and the valve 
as a whole is very depressed convex. The figure shows the impressions of what appears to 
have been a simple spindle-like cardinal process, and no median septum is preserved. In these 
respects the shell seems distinct from Pentagonia. The figure also shows the impression of what 
seems to be the adductor musculature. 

Locality: Chapman sandstone, Edmunds Hill, Chapman Township, Aroostook County, 
Maine. 

U. S. National Museum, catalogue No. 59758. 

Comparisons, — ^The remarkable curvature of this fossil recalls, still more closely than it 

does Pentagonia unisulcaUij the peculiar Athyris n. sp. of Drevermann, cited above, from the 

Lower Coblenzian (?) of Herdorf, and also his Athyris aliena* from the Siegen graywacke of 

Seifen. These Athyris species, characterized by a broad fold in the brachial valve and a broad 

distinct sinus on each side, form a natural, easily recognizable group ranging from the lowest 

Devonian to the Upper Devonian and occur throughout Europe. Li America Pentagonia uni- 

svlcaia and the present fossil are the only representatives of this interesting group, except, 

perhaps, the peculiar Atrypina sp* described by Clarke ^ from the St. Albans beds of Griffon 

Cove, Quebec. 

MOLLUSCA. 

€18498 PEIiECTPODA Gk>]dfa8S. 

Order PRIONDESMACEA DaU. 

Family SOLENOPSIDiG Nenmayr. 

Genus OBTHODESMA HaU and Whitfield, 1876. 

The genus Orthodesma was founded in 1875 by Hall and Whitfield * to include transversely 
elongated shells having typically the length equal to more than twice the height and resembling 
Orthonota Conrad and Palseosolen Hall in the subparallel ventral and dorsal margins. In the 
latter genera the hinge is continued in a straight line both behind and in front of the beaks, 
. whereas in Orthodesma the hinge line is more or less interrupted and deflected in front of the 
beaks by a luixule. The original diagnosis of the genus follows: 

More or lees elongate bivalve shells, having the hinge line straight and generally extended posterior to the beaks 
but contracted or bent beneath or anterior to them; hinge plate apparently edentulous; valves united by an external 
ligament extending to a greater or lees distance along the posterior cardinal maigin. Posterior muscular scar elongate 
ovate; anterior scar smaller; both faintly marked; pallial line simple. Shells thin, marked externally with irregular 
concentric plicae. Type, Orthodesma recta. 

In 1894 the genus was redefined and restricted by Ulrich,* who added as one of the generic 
characters a very slight gape anteriorly and posteriorly. The Chapman material is not well 
enough preserved to add to our knowledge of the structure of the genus, but the present species 
is the first recorded above the Ordovician in America. 

Orthodesma oarinifera sp. nov. 

Plate XIX, figure 2. 

Outline transversely elongate, length about three times the height. Greatest length below 
the middle; greatest height at the posterior fifth or sixth. Beaks situated near the anterior 

» See Paleontology of New York, vol. 8, pt. 2, pi. 42. flgs. 22-32, 1895; tdao Schuchert, Charles, U. 8. Geol. Survey Bull. 87, p. 302, 1897. 
s HaU and Clarke (Paleontology of New York, vol. 8, pt. 2, figs. 25, 26, 1895) figure a specimen of Pentagonia unisulcata from the Hamilton of 
Oenterfield, N. Y., which has a low rounded fold without any median sinus, but even this is much more gibbous than the specimen at hand, 
t Drevermann, F., Palaeontographica, vol. 50, pi. 30, fig. 19, 1904. 

« Clarke, J. M., Early Devonte history of New York and eastern North America: New York State Mus. Mem. 9, p. 109, pi. 29, fig. 18, 1908. 
• HaU, James, and Whitfield, R. P., Paleontology of Ohio, vol. 2, p. 93, 1875. 
•Ulrich, £. O., Paleontology of Minnesota, vol. 3, pt. 2, p. 516, 1894. 
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end, nearly but not quite terminal. In front of the beaks the anterior margin descends in a 
gently convex, almost vertical line, roimding off into the ventral margin. The latter is almost 
straight and descends as far as the postumbonal extremity, which is subangular. The posterior 
margin is slightly retrorse, nearly vertical, and gently convex. Hinge extremity obtusely sub- 
angular. The hinge line is straight and rigid, slightly less than the length of the shell, but 
longer than twice the height of the shell. The dorsal and ventral margins diverge posteriorly 
at an angle of less than 20^, so that the maximum height near the postventral extremity is 
equal to twice the height of the shell at the beaks. Beaks inconspicuous, depressed to the hinge 
line and not protruding beyond. A conspicuous feature of the shell is an elevated rounded 
carination recalling to some extent the genus Goniophora, extending from the beaks to the post- 
ventral extremity. This carination is sigmoidal, mostly convex, to the hinge line. The greatest 
depth of the valve is situated at the midheight on the carination, and at the anterior third of 
the length; the depth is equal to half the height of the valve. A very faint sinus or depression, 
not shown in the figure, extends from the beak ventrally and backward, at an angle of 45® with 
the hinge. Midway between the carination and the hinge line there is, in the right valve, a faint 
ridge, somewhat as in the genus Sphenotus. Ligament, external (?). Dentition and muscular 
scars not observed. The type specimen, a clean internal mold of the right valve, shows neither 
muscular scars nor any trace of posterior lateral teeth. 

The surface ornamentation consists of extremely faint concentric lines of growth. 

The type and only specimen, a right valve in internal mold, is 14.75 millimeters long, 5§ 
millimeters high, and nearly 3 millimeters deep. 

Locality; Chapman sandstone, 2 miles west of Presque Isle Stream, Chapman Township, 
Aroostook Coimty, Maine. 

U. S. National Museum, catalogue No. 59759. 

Comparisons. — ^In the long, straight, rigid hinge liae, transversely extended form, expand- 
ing height posteriorly, anterior beaks, and surface carination, the species bears a close resem- 
blance to Sphenotus? gorceixi (Clarke),* but the Maine fossil is more rapidly contracted in height 
toward the front. The surface carinations and general outline of Orthodesma carinifera present 
superficially a resemblance to the genus Sphenotus Hall; but Sphenotus as described by Hall ' 
has two cardinal teeth in the right valve, one or two posterior laterals, and a strong anterior 
muscular scar, agreeing in these respects as well as in superficial appearance with the Silmian 
to Permian genus Pleurophorus King. Most of the species of Sphenotus, however, show no 
trace of teeth or umbonal scars, but whether this is due to poor preservation can not be stated. 
Certainly Orthodesma carinifera appears superficially congeneric with those shells which have 
the typical surface carination and general superficial appearance of Sphenotus, but in which no 
teeth have been observed. These Sphenoti are very closely allied to the usually noncarinated 
Orthodesma; indeed the noncarinated, so-called Sphenotus solenoides Hall' appears to be a 

typical Orthodesma. 

FamUy GRAMMYSHDiG Fischer. 

The following genera and species of Grammysiidce are recognized in the Chapman fauna: 

Grammytia aeadiea BillingB. 

QrammyHa {Grammysioidea) Tnodiomorphx Clarke. 

O. {Qrammysioidea) elymelloides sp. nov. 

Elymella harrisU sp. nov. 

Olossites bcarrandii sp. nov. 

Olossites amnigenoides sp. nov. 

GloeeiteB sp. indet. 

From the Moose River sandstone fauna an aUied form is described as Grammysia (Gram- 
mysioidea) prindana sp. nov. 



1 Clarke, J. M., The Paleosoic fuiiias of Para, Brazil; The Devonian Mollusca of the State of Para: Mus. nac. Rio de Janeiro Arch., yoL 10, 1899 
(author's English ed., p. 59, 1900), pi. 6, figs. 14-16. The species is from the tr^r^ Meso-Devonian. 

I Hall, James, Paleontology of New York, vol. 5, pt. 1, No. 2, p. 33, 1885. Type S. eontraetut (Hall). Hall mentions S. aratformiM and 8. con- 
tnetua as "examples of the genus, " but only the latter shows the dentition described. 

* Idem, p. 398, pi. 65, figs. 21-29; Hamilton group. New York. 



128 FAUNA OP THE CHAPMAN SANDSTONE OF MAINE. 

Oenufl OBAUMYSIA De Vezneuil. 

History. — ^The lamellibranch genus Grammysia was founded by De Verneuil * in 1847. 
A translation from the French of the original description is as foUows: 

GrammyHa hamUtonensis No. 6. — Being unable to neglect this species, which is of great importance on account of the 
extent of its distribution, and finding no genus into which it can conveniently enter, we have thought it necessary to 
establish for it the genus Grammysia, which we would characterize in the following manner: Shell equivalve, inequi- 
lateral, not gaping, furnished with two very unequal muscular impressions; pallial impression rounded posteriorly, 
terminating at the large muscular scar in such a way as to leave two-thirds of the latter outside [the pallial line] ; ligament 
external, quite prolonged in the depression of the corselet; surface traversed by an oblique rib, which extends from the 
beak to the middle of the lower maigin, and by several concentric rounded folds. Through the inequality of its muscu- 
lar impressions and through the form of the pallial impression, this shell, it seems, ought to be placed near the Cypri- 
cardias and the Cyprinas. This genus, s6 well characterized by the median rib which traverses the valves, includes 
several species, of which one has been called Nucula cingvJata by Hisinger. 

The GrammyHa JumvUtonensis is distinguished from the N. dngulatay which is found in Gotland and at Dudley, by 
its less transverse form and by the position of its beaks farther removed from the external border [beaks more in- 
curved]. It is abundant in the Hamilton group (New York) and is found in Europe in the N^hou limestone (Manche) 
and in the graywacke of Daun (in the Eifel). 

Vemenil gives three figures of loft valves from the localities indicated. 

Type species. — The type species of Grammysia is universally recognized as the Grammysia 
hamiUonensis of De Verneuil and not G. dngulata Hisinger. This is made evident by the f ery 
words of De VemeuU : Being unable to neglect this species [(?. JiamiUonensis] * * * we have 
thought it necessary to establish for it the genus Grammysia.'' What the types of Grammysia 
TiamHUmensis De Verneuil may have been, however, b another problem, which must be answered 
before the type species of De Vemeuil's genus can be fixed. It is to be noted that De Verneuil 
regarded as representative of a single species, which he called G. hamiUonensiSj shells from the 
Hamilton (Middle Devonian) of New York, from the N6hou (Lower Devonian) limestone of 
Normandy, and from the Daim graywacke (Lower Coblenzian or middle Eo-Devonian) of the 
Eifel. 

These American, French, and German shells are now known to represent not a single species 
but certainly at least two, and probably three, distinct forms. The American form from the 
New York Hamilton had been previously described by Conrad ^ as Pterinea bisuUxUaj and in 
America Conrad's specific name has been adopted, so that the shell is here known as Gramr- 
mysia bisulcaia (Conrad). Among German paleontologists De Vemeuil's name Grammysia 
hamHtonensis has been in general usage, particularly in the earUer decades; but Hall' showed 
that the German form of De Vemeuil's Grammysia hamiUonensis is Goldfuss's old species Phola- 
domya anomala.^ The shells which Beushausen * regards as identical with Goldfuss's species 
differ from the American G. hisvlcahis in the more irregular and compressed ornamentation, 
and to emphasize this distinction Beushausen proposed for the Rhenish shells the name Gram- 
mysia anomoHa var. rhenana. Whether Beushausen's forms are really those included by De 
Verneuil imder G. Jiamiltonensis is open to some doubt. De Vemeuil's German form of Grafts 
mysia TtamiUonensis came from the vicinity of Daim, in the Eifel — ^presimiably from the Lower 
Coblenzian at Upper and Lower Stadtfeld, as these were the best-known Daun locaUties. Cer- 
tainly De Vemeuil's types came from the Daun district, whereas none of Beushausen's Grammysia 
anornala var. rhenana are recorded from Daun. Beushausen's form is described from the 
Upper Coblenzian at Daleiden and the Lower Coblenzian at NeUenkopfchen. Beushausen 
records from Daun (Gemiind) Grammysia Tuarginata (Goldfuss), G, nodocostaia var. eifeliensis, 
G. ovata (Sandberger ) , and G. ahhreviata (Sandberger). Drevermann • records all these Daun 
species from Oberstadtfeld, near Daun, except G. ahhreviata (Sandberger), and adds G. irregu- 
laris Beushausen ( ?) and G. Isevis Drevermann nov. De Vemeuil's Daim material seems to have 

1 Remarqaes sur les fossiles pfiltesolqaes oommuns k TAmMque et k TEarope, et sur les rapi)orts qa'ils offirent dans leur dlstrfbutioii: 
Soc. gtel. Franco Bull., 2d ser., vol. 4, p. 696, 1847. 

« Conrad, T. A., New York Oeol. Survey First Ann. Rept., p. 116, 183S. 

> Hall, James, Paleontology of New York, vol. 5, pt. 1, p. 359, 1885. 

* Goldfuss, August, Petrefacta Germanis, p. 272, pi. 157, fig. 9, 1834-1840. 

* Beushausen, Louis, Die Lamellibranchiaten des rheinischen Devon: K. preuss. geol. Landesanstalt Abh., new ser., vol. 17, p. 237, pi. 22, 
figs. 8-10, 1895. 

> Palaeontographica, vol. 49, p. 93, 1902. 
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coincided rather with shells having more down>curved beaks, more retrorse posterior margin, 
and more regular concentric pUoation anterior to the cincture; in fact, the shells are identical 
with those figured by Beushausen as Grammysia ovata Sandberger/ from the Lower Coblenzian 
of Gemud, near Daun, and as G, irregularis Beushausen nov./ from the Lower Coblenzian of 
Nellenkopfchen, near Coblenz. 

The French form of De Vemetdl's Grammysia TiamiUanensia has been separated by Oehlert 
as a distinct species under the name Grammysia cotentina Oehlert, 1881, so that we find to-day 
a general disagreement as to what forms, if any, should take the name Grammysia hamiUonensis 
De Vemeuil (the consensus of opinion seems to be that the name should not be used), and what 
should be regarded as the types of G. Tuimiltonensis, either in the interpretation of De Vemeuil 
or in a restricted use of De Vemeuil's specific name. 

The types of Grammysia Jiamiltoneasis in the interpretation of De Vemeuil were certainly 
from the Hamilton of New York, not from N6hou, in La Manche, nor from Daun, in the Eifel, 
as is proved first, by the name of the species; second, by the fact that the Hamilton of New York 
is the first locality cited, and a specimen from it is the first one figured; and third, by the fact 
that the paper in which the species is described is one treating of American fossils. It is, there- 
fore, certain that the fossik which De Vemeuil called G. hamiUoneTisis were lamellibranchs which 
are fairly abimdant in the Hamilton of New York, and that for these New York shells the name 
was proposed and used. The N6hou and Daun Grammysias were regarded by De Vemeuil 
as identical with the New York forms. Hence it follows that although Grammysia Jtamil- 
tonensis De Vemeuil, so far as the New York specimens are concerned, is a synonym of G. 
hisulcaia (Conrad), De Vemeuil's name need not be appUed to either the French or the German 
forms if these are distinct. There is additional warrant for restricting the use of the specific 
name hamiUoneTisis in the fact that De Vemeuil's species was not sufficiently described or 
figured to enable one to recognize the particular species intended. The names applied by the 
German paleontologists and by Oehlert in France will, therefore, hold good for the European 
shells regarded by De Vemeuil as identical with the New York Hamilton forms. 

Another preliminary difficulty which must be overcome before fixing the type of Grammysia 
is the fact that although Grammysia hamiUonensis De Vemeuil may be, and in fact is, admitted 
to be identical with the common Hamilton Grammysia hisulcaia of Conrad, the shells which 
Hall calls Grammysia lisulcata are quite evidently not all cospeoific' As has been pointed out 
by Beushausen,' if we were to consider, as Hall did, that figures 6, 7, 15, and 16 on his plate 54 * 
represent a single species, then the advance made in the last two score years in our conception 
of a species must be abandoned. If a typical form of Grammysia hisulcaia (Conrad) is to be 
selected it will have to be that represented by HalVs figure 7, plate 54, and with it might be 
included under the same specific name the specimens represented in his figures 10, 11 (a crushed 
specimen), 12, 13, and possibly a few others, but not that shown in figures 5, 6, 15, and 16. 
The typical forms of Grammysia hisulcaia as thus selected are not only the commonest types 
of the species in the Hamilton, but they also include the form figured by De Vemeuil as Gram- 
mysia hamiUonensis, for it must be apparent to the bluntest discernment that De VemeuiVs 
figure 1 is indistinguishable specifically from Hall's figure 7. Finally they conform with Con- 
rad's diagnosis of the species. The distinguishing features of the species are the strong cincture 
which distorts the basal mai^in; the long hinge line, which is only slightly reclining; the retrorse 
posterior margin; the transversely extended outline; the concentric striss covering the entire 
surface and raised into distinct concentric folds; and the obliquity of the shell. 

In lack of any other known information as to the types, the specimens shown in Hall's 
plate 54, figures 7, 10, 12, and 13, may be taken as the types of Grammysia hisulcaia (Conrad), 
1838 (=G^. hamiUonensis De Vemeuil, 1847), and therefore as the types of the genus Grammjrsia 
De Vemeuil, 1847. With the types thus definitely and precisely fixed we can draw up the 
following revised description of Grammysia De Vemeuil: 



1 Beusbausen, Louis, op. cit., pi. 19, fig. 2. 
'Idem, pi. 20, fig. 2. 



s Idem. p. 227. 

* Paleontology of New York, vol. 6, pt. 1. 
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Lamellibranch shells of rather large size, equivalve except for the alternation of a fold 
and sulcus in each valve, sometimes duplicated. Frequently, on account of compression in 
the rock, apparently inequivalve, but that this inequality is not real and is due to posthimious 
pressure is indicated by the facts that uncrushed specimens are equivalve and that in crushed 
material sometimes one valve is the larger and sometimes the other. Fold and sulcus pass 
from the beak nearly to the middle of the basal margin; very strongly inequilateral, oblique, 
transversely, or obUquely ovate. Margins not gaping, though on account of the strong liga- 
ment, many shells have been pulled open after the death of the animals and have been f ossiUzed 
in this condition, so that they appear to be open behind, but this gaping is more apparent than 
real, for specimens may be found entirely closed. Beaks anterior, prominent, incurved, directed 
forward. Cardinal line distinct, straight, or slightly arcuate, recUning or nearly horizontal; 
posterior margin retrorse; basal margin arcuate, more or less constricted near the middle or 
post-ventrally by the fold and sulcus, as already indicated; anterior portion of the shell distinct; 
lunule very well developed. Apparently edentulous, or with an obscure obsolescent fold under 
the beak. Muscular scars rarely retained; the anterior one situated under the limule, fairly 
large, though only about half the width of the posterior scar, or slightly more. Pallial line 
simple; beginning at the anterior third of the large scar, it extends downward and backward, 
then curves parallel to the basal margin, reaches upward and forward to about the middle of 
the anterior muscular scar; pallial impression radially striate, when well preserved. Surface 
features comprise concentric folds, more or less irregular posterior to the sulcus, less irregular 
anteriorly and on the umbones; covered with more or less obsolescent concentric strisB. 

Limits of Grammysia. — ^The general configuration of these shells is well known, but owing 
to the imrestricted use of the generic name in Hall's more advanced work some misconceptions 
as to the limits of the genus may arise. In the first place, the radial fold and sulcus furnish one 
of the most important features of the genus, as was noted by De Verneuil * when he used the 
expression **This genus, so well characterized by the median rib which traverses the valves." 
De Verneuil, in fact, included in his genus only those Silurian and Devonian forms which have 
a well-developed fold and sulcus, and the name Grammysia will have to be restricted to gram- 
mysioid shells having this feature. Although the r&dial fold and sulcus are represented by 
nearly all stages of development, from the well-developed type of De Vemeuil's form to that 
shown in Grammysia circvlaris Hall,^ in which the fold and sulcus are with difficulty apparent, 
it is nevertheless true that the name Granmiysia can be and really ought to be restricted to 
those shells in which the fold and sulcus are developed, at least in some stage of the life history; 
and it is obvious that those so-called **Grammysias"' which have no indication whatever of 
the fold and sulcus or of any strictly corresponding structures at any period of their existence 
can not be included in Grammysia — particularly as several well-defined genera already exist 
in which these shells may very well be included. A few of these genera are mentioned below, 
but as the present work is not intended as a monograph on Paleozoic lamellibranchs, only the 
briefest mention will be made of the forms that do not occur in the Chapman fauna. 

In the first place, we may separate from Grammysia those genera usually confounded 
with it, such as Allorisma or AUerisma King and Chsenomya Meek (Carboniferous, Permian), 
Pholadomya Sowerby (Mesozoic and Cenozoic), Pleuromya Agassiz or Myacites of authors 
(Triassic to Lower Cretaceous), and Sanguinolaria Lamarck (Cenozoic) — shells which are both 
gaping and sinupaUiate. Leptodomus McCoy, 1844, differs from Grammysia in the gaping 
anterior and posterior extremities (the posterior gape is especially well defined), and in the 
absence of the radial fold and sulcus, which are, however, represented by a radial undefined 
sinus extending from the beak obUquely to the basal margin. 

Sedgwickia McCoy, 1844, is Uke Leptodomus but has no radial sinus, and the beaks are 
usually directed less anteriorly, more vertically. 

SanguinoUtes McCoy, 1844 (not De Koninck, 1885 = Sphenotus Hall, mostly), is like Sedg- 
wickia but very long drawn out transversely; gaping behind, not in front, and with a distinct 
retractor muscular impression above the strongly marked anterior cicatrix. 

» Op. clt., p. 096. * Paleontology of New York, vol. 5, pt. 1, pi. 57, figs. 3, 4, 1886. • Idem, pis, MMB. 
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Cimitaria Hall, 1869-70, is apparently gaping only behind, like Sanguinolites; it has a 
very long drawn out transverse outline ; musculature not strongly impressed, character unknown. 
The shells are distinguished superficially by the curved Solen-hke or cimitar-like form and by 
the presence of a posterior carination and distinctly demarcated postumbonal slope, somewhat 
as m Goniophora. 

Distinct from the gaping shells of the above types is a second strongly marked group sepa- 
rated from Grammysia by Hall and Whitfield * in 1875 under the name Cuneamya. Cuneamya 
includes closed grammysioid shells without indications of radial sulcus, having the umbones 
timiid, terminal or nearly so, and directed strongly forward. The shells are transversely elon- 
gated or oblong. A lunule is present but not well developed. The ligamental groove is well 
developed. There are no teeth or hinge plate, according to Ulrich.^ A large number of Upper 
Qrdovician species are included in this genus. It may continue higher into the Silurian' and 
possibly into the Lower Devonian or even higher. 

Sphenomya Hall, 1883, resembles Cimeamya in general expression but has no ligamental 
groove. The typical species is G, (S.) cuneata Hall from the Hamilton of New York. Leptodo- 
mu8 truncaia McCoy, from the Upper Ludlow of Westmoreland, is congeneric* A few species 
described by De Koninck* under Edmondia, and Sanguinolites may possibly belong here, as 
well as Grammysia prsecursor Hall, from the Schoharie grit. 

Protomya Hall,* 1885, is like Cuneamya, but its beaks are more nearly central and more 
vertical (Less prosogyrate). It has no lunette or lunule and only a weakly developed liga- 
mental groove. It is of Devonian age. 

Cardiomorpha De Koninck, 1842,^ has a lai^e shell, without radial fold or sulcus; smooth 
or with concentric strisB; inflated; oviform; beaks depressed, twisted spirally; ligamental groove 
well developed, but no anterior lunule; obscure indications of an internal ligamental furrow. 
Well developed in the middle Carboniferous, less so in the lower and upper Carboniferous; 
one species in uppermost Carboniferous (Permian). Similar shells occur in the Silurian, but 
the Silurian and Devonian forms usually called Cardiomorpha belong elsewhere. In the 
Bohemia Silurian (6tage E) occur some apparently typical forms of Cardiomorpha — ^large, smooth, 
oval shells with more or less strongly and spirally twisted beaks, including hocardia pollens 
Barrande, hocardia eUmgata Barrande, Isocardia incumlens Barrande, etc.* Like typical Car- 
diomorpha these shells have a posterior ligamental groove • and no very well defined lunule, 
and from present knowledge of these forms they may be referred to Cardiomorpha. This 
occurrence indicates the appearance of Carboniferous Cardiomorpha as early as the Silurian 
(6tage E) of Bohemia, equivalent to the English Wenlock-Aymestry, or to the American 
Guelph. 

Broeckia de Koninck,*® 1885, resembles Cardiomorpha in its large size, inflated aspect, and 
smooth oval surface, but has the beaks more depressed and not so strongly or spirally twisted 
as in Cardiomorpha. It occurs in the middle Carboniferous. Some Silurian shells from Bohe- 
mia agree with this type in visible features, and a few Devonian species mAy be referred to it. 

Isoculia McCoy, 1884, emend. De Koninck," 1885, resembles Cardiomorpha in its inflated 
oval expression, but the beak is not at all spirally twisted; the surface is covered with con- 
centric folds, not smooth, and the lunule is well developed in the type species. The typical 
forms are middle Carboniferous, but the genus evidently extends down to the Middle Devonian 

1 Hall, James, and Wbitfleld, R. P., Fossils of the Hudson River group: Paleontology of Ohio, vol. 2, p. 90, pi. 2, figs. 9, 10, 12. Type C. mia- 
mieiuua Hall and Whitfield, "Hudson River group" (Upper Ordovician), Waynesville, Ohio. 
> Utaich, £. O., Paleontology of Minnesota, vol. 3, pt 2, p. 620, 1894. 

• Compare Leptodomtu maineruU, from Pembroke, Maine ( Billings, EUcanah , Portland Soc. Nat. Hist. Proc. , vol. 1 , pt. 2, p. 118, pi. , 1869). The 
sihdl occurs in a svies of gray shales and volcanic rocks in the Eastport quadrangle, which have been named Pembroke formation. 

« See McCoy, Frederick, British Paleozoic fossils, p. 279, pi. IK, figs. 21-24, 1854. 

• De Koninck, L. O., Faune du calcaire carbonifdre de la Belgique, p. 66, 1885. 

• Paleontology of New York, vol. 5, pt. 1 , p. lii, 1885. 

' De Koninck, L. O., Descriptions des animaux fossiles du terrain carbonli^e de la Belgique, p. 101, 1842; Faune du calcaire carbonifdre de 
la Belgique, p. 9, 1885. Not Beushausen, L., Die Lamellibranchiaten des rheinisdien Devon: K. preass. geol. Landesanstalt Abh.,new ser., vol. 
17, p. 276, 1895. 

s Barrande, Joachim, Systftme sOurien du centre de la Boh&ne, vol. 6, pi. 250, figs. 19-21; pi. 251, 1881. 

'Idem,pl. 251,flg. 10. 

V De Koninck, L. O., Faune du calcaire carboniftee de la Belgique, p. 10, 1885. 

" Idem, p. 17. 
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if not lower. Grammy sia ohsoleta Hall* seems to be a typical form of Isoculia, and in the same 
group may be included Grammy sia arcuata Hall' and several other members of '^Hall's section 
C, undulaia'^ under Grammysia. 

Finally, as possibly among the grammysioids may be mentioned Pholadella Hall,' 1869 
(including Cercomyopsia Sandberger, 1887 = Physetomya Ulrich). 

The term Cercomyopsis might possibly be retained for the very finely striated Pholadellas 
called Leptodomus by Beushausen and for such similar American species as Grammysia ccnstrida 
Hall, but the Ordovician Physetomya,* founded on P. acuminata Ulrich, from the '* middle 
Cincinnati beds," appears to be synonymous with Cercomyopsis and the term Cercomyopsis 
is preoccupied for a different Mesozoic shell so called by Meek, so that Ulrich's name, Physeto- 
mya, may stand for the Devonian shells above included in Cercomyopsis Sandberger. Should 
the posterior margin in Pholadella and in Physetomya (Cercomyopsis) prove to be gaping, 
these shells might have to be affiliated with Cimitaria rather than with Grammysia. Some 
species of Pholadella approach Cimitaria in the elongated posterior portion, which is not, how- 
ever, nearly so elongated as in normal Cimitaria. Other species approach Grammysia, but 
none have a radial fold or sulcus structure. The margins are closed (1). The lunette and 
posterior ligamental groove (external) are well developed. The distinguishing feature of the 
genus is the presence of more or less well developed radiating strise marking the central part 
of the body from beak to mai^in, but absent on the anterior portion and posterior slope. Con- 
centric ornamentation is also developed as usual. The Pholadellas are mostly Devonian. 
They are rare in the Carboniferous but range down to the Ordovician. 

Geologic range of Grammysia.— The genera above discussed include most of the shells erro- 
neously identified with Grammysia.* Grammysia thus restricted, as it should be, to the closed, 
edentulous or practically edentulous grammysioids having a well-developed lunette and posterior 
ligamental groove, and (most particularly) with indications, at least in some part of their life 
history, of the characteristic radial fold and sulcus structure, ranges from the Upper Ordovician 
to the Upper Devonian. 

It seems to be very rare in the Ordovician, though Cuneamya is abimdant. Beushausen * 
recognizes forms of Grammysia s. str. from the Ordovician of Russia. The particular forms 
referred to are not indicated, but they are probably Grammysia amis Eichwald and G. mucroderma 
Eichwald,' species also mentioned by Barrande ® in his note on geologic range of Granmiysia. 
Eichwald^s paper is not at hand, so that it can not be stated whether the Russian species named 
are really Grammysia. Barrande's Grammysia? praecox, from ^tage E, is not a grammysioid, 
as has been pointed out by Beushausen. In America typical Grammysia is represented in the 
Upper Ordovician by ** Cuneamya^^ coriformis Miller.^ A typical Grammysia in the Cornell 
University (Jewett) collection appears to come from the St. Peter sandstone of Minnesota, but 
imfortunately it is insufficiently labeled. 

In the Silurian Grammysia occurs particularly in the Upper Ludlowian faunas of Russia, 
Sweden, Great Britain, Nova Scotia {Grammysia remota, rusticaj and acadica Billings *®), and the 
Eastport or Cobscock Bay region. It is extremely rare in the Appalachian Helderberg or 
Oriskany. A new species of Grammysia is indicated by Schuchert" in his list of the Helderberg 
fauna of New York, but whether this is a Grammysia s. str. is unknown. A new species of 

1 Paleontology of New York, vol. 5, pt. 1, pi. 50, figs. 20, 27, 1885. 

> Idem, pi. 61, figs. 1-5, etc. 

a Compare Leptodomus Beushausen (op. eft.), not McCoy. Beushausen has applied McCoy's generic name Leptodomus to some Lower Devo- 
nian apparently closed grammysioids of the typical Pholadella aspect superficially. The following, Illustrated by Beushausen (op. cit., pi. 24) 
are typical Pholadella: Leptodomus tecuriformU (Sandberger), L. aeutiroitris Sandberger, L. nuditu Beushausen, nov., L. stTiaiulua(F. Roemer), 
whereas "Leptodomus*' UUut Krantz, L. potterus Beushausen, nov., and L. harroisi Beushausen, nov., are typical Ooniophora ( Phillips) Hall. 

« Ub-ich, E. O., Geology of Ohio, vol. 7, p. fi03, pi. 49, figs. 12-14, 1894. 

• ProsocGBlus Keyserling (Deutsch. geol. Oesell. Zeitschr., vol. 9, 1857; Tripleura Sandberger, 1889), Sphenolium Miller (North American 
geology and paleontology, p. 513, 1889; Ordovician), Bphenotus Hall (Paleontology of New York, vol. 5, pt. 1, p. xxxiii, 1885; Devonian to Carbon- 
iferous), Spathella Hall (idem, p. xxxv; Devonian to Carboniferous), Vlosta Barrande, 1882 (in part), and a few other genera are sometimes oonfoaed 
with Grammysia or, more commonly, with some of the grammysioid genera mentioned above. 

• Beushausen, Louis, op. cit., p. 229. 
' Lethiea rossica, pt. 7, p. 1015, 1860. 

> Systdme silurien du centre de la Bohdme, vol. 6, p. 87, 1881. 

• North American geology and paleontology, p. 474, figs. 805, 806, 1889. 
1* Paleozoic fossils, vol. 2, pt. 1, pi. 11, 1874. 

" Geol. Soc. America Bull., vol. 11, p. 286, 1900. 
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Grammysia s. str. is meagerly described by Shimer * from the Oriskany of Trilobite Mountain, 
N. Y. The genus is well represented in the Grande Greve fauna of Gaspe, both Grammysia 
canadensis Billings and Leptodomus canadensis Billings appearing to be true Grammysias. It is 
also abundant in the European Lower Devonian, particularly in the arenaceoiis deposits. It 
is rare in the American Lower Devonian but is well represented in the Middle Devonian and 
the Ithaca shale member of the Portage formation of the Upper Devonian, though rare except 
locally in the Upper Devonian in general. In the Cayuta shale member of the Chemung forma- 
tion of south-central New York calcareo-arenaceous banks have been observed which are a 
mass of shells of a large Grammysia, but in the general body of the Chemimg formation Gram- 
mysia is exceedingly rare. 

The genus is unknown in the Carboniferous. All the American Carboniferous "Grammysias" 
listed by Weller ' are not only without the radial fold and sulcus or any strictly corresponding 
structure, but most of the species are gaping posteriorly. (See, for instance, ^'Orammysia*' 
Jiannibalensis as figured by Miller,^ also '^Grammysia'' famelica Herrick.* These will have to 
be included in the Leptodomus-Sedgwickia-SanguinoUtes groups. Sinupalliate and gaping 
shells of the Sanguinolaria and Allorisma groups are confined to the Permian rocks or higher. 
The merely gaping Leptodomus, Sedgwickia, and Sanguinolites apparently begin with the 
Carboniferous, for no gaping shells of these types are actually known in the lower rocks. Devo- 
nian gaping shells like Cimitaria are, of course, easily distinguished from the grammysioid 
Leptodomus, Sedgwickia, etc. The genus Rhytimya was foimded by E. O. Ulrich * for some 
Ordovician gaping shells the species of which had been previously described.' Rhytimya has 
been regarded by Ulrich as closely allied to Pholadella, but its affinities are apparently not with 
the grammysioids but rather with the Ordovician orthodesmoids. 

Subgenus GBAHMY8IOIDEA subgen. nov. 

The new subgenus Grammysioidea comprises grammysioids differing from Grammysia essen- 
tially in the absence of the radial fold and sulcus, from Isoculia in the presence of a posterior 
rounded carination and distinct posterior slope, and from Cuneamya in the last-mentioned 
respect, in being lai^er and less elongated, and in having beaks less nearly terminal. 

Closed edentulous shells of medium to large size, transversely and obliquely ovate to sub- 
circular, not elongate; equi valve, inequilateral; beaks fairly prominent, incurved, directed 
forward, and situated in the anterior half, but not terminal, leaving a distinct anterior portion 
of the shells separated from the beak by a concave lunule. Hinge line fairly long but much 
less than the length of the shell, straight or slightly arcuate, and reclining posteriorly, rarely 
horizontal. Posterior edge retrorse. A weU-defined carination extends from the beak to the 
posterior basal angle, producing a distinctly flattened posterior slope. Posterior to the beak 
the cardinal margin is strongly inflected, producing a conspicuous escutcheon for the reception 
of the ligament. Anteriorly the limule is deeply excavated for the ligament. On the interior 
of the hinge there are apparently no teeth. Muscular impressions and paUial line as in typical 
Grammysia, except that the pallial impression has not been observed to be radially striate. Sur- 
face covered with concentric striae and more or less irregular concentric folds; sometimes with 
an obsciu*e, very slight insinuation in the middle, but never, in any stage of development, with 
any pronoimced radial fold or sulcus structure corresponding to that of Grammysia. 

The type is Grammysioidea princiana sp. nov. The subgenus also includes the species 
listed below, though some of the Upper Devonian forms may possibly prove to be gaping shells 
and hence distinct.^ 

Cypncardites caswelli. Foerste, Denison Univ. Sci. Lab. Bull., vol. 1, p. 92, pi. 14, figs. 12a, 12b, 1885. 

Clinton group: Ohio. 
Megalodon curvatus. Krantz, Naturhist. Verein preuss. Rheinlande Verh., vol. 14, p. 161, pi. 11, fig. 4, 1857. 

Siegen graywacke: Menzenberg. 



1 New York State Mus. Bull. 80, pp. 261, 267. 1905. 

> U. 8. Geol. Survey Bull. 153. 1898. 

>Op.cit.,p. 483,flg. 831. 

* Ohio Qeol. Survey, vol. 7, pi, 17, fig. 6 (lower figure), 1893. 



» Paleontology of Minnesota, vol. 3, pt. 2, p. 618, 1894. 
< Ohio Geol. Survey, vol. 7, pp. 688 et seq., 1893. 
7 See Paleontology of New York, vol. 5, pt. 1, pi. 59, figs. 6-12; 
pi. 60, 1885. 
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Allorisma pUcaUlla. Oehlert, Soc. g^l. France M6m., 3d ser., vol. 8, p. 34, pi. 6, figs. 3, 3a, 3b, 1881. 

Eo-Devonian: Nehou, Normandy. 
Grammysia sp. indet. Reed, South African Mus. Annals, vol. 4, pt. 6, p. 252, pi. 31, fig. 3. 

Bokkeveld series: Ezel-fontein, Ceres, Cape Colony. 
Grammysia lundi. Clarke, Mus. nac. Kio de Janeiro Arch., vol. 10, pi. 6, figs. 11, 12, 13, 1899 (author's English ed., 
p. 66, 1900). 

Eo-Devonian: Rio Maecuru, Para, Brazil. 
Grammysia ulrichi. Clarke, idem, p. 67 (not pi. 7, fig. 12). 

Meeo-Devonian: Erere, Para, Brazil. 
Grammysia alveata (Conrad) and G. lirata. Hall, Paleontology of New York, vol. 5, pt. 1, pi. 59, figs. 6-12; pi. 60, 1885. 

Hamilton group: New York. 
Leptodamtts inter plicatus. Clarke, New York State Mus. Mem., 6 (Naples fauna, pt. 2), p. 315, pi. 12, figs. 32-34, 1903. 

Middle Portage: Naples, N. Y. 
Grammysia minor. Walcott, U. S. Geol. Survey Mon. 8, p. 174, pi. 15, figs. 15, 15a, 1884. 

Upper Devonian limestone: Rescue Hill, west of Rescue Hill, and at gate northwest of Eureka, Nev. 
Grammysia undata. Hall, Paleontology of New York, vol. 5, pt. 1, p. 379, pi. 93, fig. 21, etc., 1885. 

Panama conglomerate and upper Chemung sandstone: Panama, Portville, and Salamanca, N. Y.; Warren 
County, Pa. 
Grammysia duplicata. Hall, idem, p. 380, pi. 93, fig. 23. 

Chemung group: Warren, Pa. 
Grammysia glabra. Hall, idem, p. 369, pi. 93, fig. 24. 

Chemung group: Warren, Pa. 

As already indicated, these shells suggest the typical large Grammysia but differ in the 
complete absence of the radial fold or sulcus developed in Grammysia. The species of Gram- 
mysia most nearly approaching Grammysioidea are Grammysia inequalis Beushausen* and 
^^Leptodomus^^ canadensis Billings,^ especially the former, but in these there is a well-defined 
sulcus, at least in the younger stages of the shell. In some forms of Grammysia triangulata 
Salter, from the late SUurian of the Eastport quadrangle, Maine, one valve is occasionally 
devoid of fold and sulcus, this structure appearing only in the umbonal portion of the opposite 
valve. 

As to the subgeneric importance of the complete absence of the radial fold and sulcus 
structure in shells to be dissociated from Grammysia, it may be stated that the presence of the 
radial fold and sulcus was regarded by De Vemeuil, the founder of the genus, as the distin- 
guishing charjacteristic of Granunysia. Not only was the genus thus restricted by De Verneuil 
himself to shells with this characteristic feature, but subsequent descriptive paleontologists' 
have, with exceptions,* used the term Granmiysia in the strict sense of De Vemeuil, the 
foimder. Billings does not describe Grammysia generically, but indicates perfectly by his use 
of the terms Grammysia, Leptodomus, and Sanguinolites that he limits the use of Grammysia 
to the strict sense. Beushausen most emphatically restricts Grammysia to the shells having 
the fold and sulcus structure. Hall himself was at first also inclined to the restricted use of 
the term Granmiysia, as is indicated by his use of the term ^^ Leptodomus'' (in lus preliminary 
report, 1883) for several species not strictly Grammysia. 

If Hall's expansion of the genus Grammysia to include as strictly congeneric with the 
type species G. bisvlcata (Conrad) such shells as G. glohosa Hall and G. obsoleta Hall, 
which have no indication whatever of radial fold and sulcus, is to be accepted, it will be neces- 
sary to expimge the genus Granmiysia from the literature altogether for the glohosa and obsoleta 
types are congeneric with Isoculia McCoy, which has several years' priority over Grammysia. 
Granunysia would then be merely a synonym of Isoculia. Even a very slight study, however, 
would show the unreasonableness of adopting the conclusion just indicated; but it must be 
emphasized that if the term Grammysia is to be used at all, it must be restricted to shells having 
the characteristic radial fold and sulcus in at least some stage of development. Shells com- 

1 Beushausen, Louis, Die Lamellibranchiaten des rhelnischen ]>evon: K. preui». geol. Landesanstait Abb., new ser., vol. 17, pi. 21, figs, la, 
lb, 1885; Siegen graywacke. 

* Billings, Elkanah, Paleozoic fossils of Canada, vol. 2, pt. 1, p. 54, pi. 5, fig. 1; Gaspe I imestone No. 8 (Oriskanian), Indian Cove, Gaspe, 
Quebec. 

s McCoy, Frederick, British Paleozoic rocks and fossils, pp. 280 et seq., 1885. Billings, Elkanah, Paleozoic fossils of Canada, p. 51, etc., 1874. 
LindstrGm, Q., in Angelin, N. P., Fragmenta siiurica, p. 20, 1880. 

* Hall, James, Paleontology of New York, vol. 5, pt. 1, p. 1885. 
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pletely lacking all traces of such radial fold or sulcus can not, therefore, be included in Gram- 
mysia, so that we are quite justified iq erecting the subgenus Grammysioidea for the species 
indicated. As a matter of fact, some paleontologists may prefer to consider Grammysioidea as 
worthy of full generic rank. Granunysioidea is intermediate between Grammysia and 
Cuneamya, having the size and proportions of the former but being, like the latter, without 
radial sulcus. It is also intermediate between Isoculia and Granmiysia, lacking radial sulcus, 
like the former, and having the less evenly rounded or less globular aspect of the latter. 

Grammysia acadica Billings, var. 

Plate XXrV, figure 12. 

cf. 1874. Grammyna acadica. Billings, Paleozoic fossils of Canada, vol. 2, p. 140, pi. 9, figs. 4, 4a. 

Upper Arisaig series [with Upper Ludlow fauna]: Arisaig, Nova Scotia. 
1909. Orammysia acadica. Twenhofel, Am. Jour. Sci., 4th ser., vol. 28, pp. 155-158. 

Moydart and Stonehouse formations [Aymestrian and Upper Ludlow faunas]: Arisaig, Nova Scotia. 

A single poorly preserved internal mold of a left valve, the only specimen of Grammysia 
in the Chapman fauna collections, is characterized by having the radial sulcus unaccompanied 
by any fold and reaching the basal margin posterior to the middle (at the posterior fourth or 
fifth). The length is a trifle less than twice the height; cardinal and basal margins subparallel; 
posterior margin retrorse, with the most posterior point near the midheight. Greatest height 
well in front of the middle, somewhere near the anterior two-fifths; greatest length only slightly 
below the midheight; height 24 millimeters, length 45 millimeters. Umbones broad, incurved, 
directed forward; beaks at the anterior sixth. Cardinal line parallel to the longitudinal axis; 
very gently convex, a little greater than the height of the shell, the highest point beiag back of 
the beak at about the anterior third or two-fifths. Cardinal extremity angular, obtuse; pos- 
terior margin in the upper half retrorse, straight, or hardly appreciably convex; lower half of 
the posterior margin rounding into the basal margin. At the posterior en& the basal margin 
is sightly insinuated by the radial sulcus, immediately back of which begins the curve of the 
posterior-basal margin. Anterior to the sulcus the basal margin has not been observed, but 
to judge from the direction of the very faint lines of growth it appears to have been convex — 
strongly so just in front of the sulcus — arising upward and forward in the anterior portion and 
rounding into the anterior end, which is distinct. The most protruding point of the anterior 
extremity is near the midheight. The lunule, which occupies the upper third or fourth of 
the height, is very distinct, but the specimen is too poor to show the lunette. The point of 
greatest depth of the valve is on the rounded umbonal *' ridge" back of the radial sulcus, near 
(commonly slightly above) the midheight and at the posterior third of the length of the shell. 
The depth of the valve is 6 millimeters, or one-fourth the height. Except for the concave 
radial sidcus the surface is rounded throughout. The umbonal ridge is broadly rounded, forming 
part of the general convexity of the shell. The slope is very steep and convex to the cardinal 
line, less steep over the anterior portion in front of and below the umbo, and still less steep over 
the general surface. In fact, between the convex anterior end and the convex posterior slope, 
the general surface over the central regions is depressed convex or almost flat. The radial 
sulcus is slightly concave, very shallow, and hardly discernible on the internal mold, unless 
oriented at the proper angle to the light; it is extremely faint over the umbones, but expands 
slightly and becomes more prominent lower in the mold. It forms an angle of about 45 ^^ with 
the cardinal line and terminates on the basal margin at about one-third or one-fourth of the 
length in front of the' posterior extremity. There are no radial folds. 

The surface ornamentation consists of obsolescent growth lines with irregular obsolescent 
concentric wrinkles; the ornamentation is more pronounced on the posterior slope, but is very 
obscure on the specimen at hand. 

Length 45 millimeters, height 23.5 or 24 millimeters, depth of the valve nearly 6 millimeters. 

Locality : Chapman sandstone, Edmunds Hill, Chapman Township, Aroostook County, Maine. 

U. S. National Museum, catalogue No. 59760. 
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Comparisons. — In the transverse outline and radial sulcus reaching nearly to the posterior 
instead of anterior or central basal margin, this Grammysia resembles 0. ovaia (Sandberger) 
from the lowest or Singhofen Coblenzian; but Orammysia ovaia and most of the Devonian Gram- 
mysias have a radial fold and sidcus on each side, whereas in the present form there is no radial 
fold and only one radial sulcus. 

The Devonian Grammysias ^ with only one radial sulcus have the base of the sulcus rarely 
at and generally in front of the middle, never near the posterior extremity, as in the present form. 
Grammysias having only a single well-defined sulcus reaching nearly to the posterior basal mar- 
gin, as in the type at hand, have been confined, so far as hitherto known, to pre-Devonian rocks, 
in which occur a few forms that are very closely related to G. a^cadica var., namely, Grammysia 
dngvlata (not Hisinger) (Salter),* in part, from the tilestones of Llangadoc, in the Usk region; 
and Grammysia acadica Billings,* from the upper faunas of Arisaig, Nova Scotia. These two 
forms may be the same species. Grammysia eocaraia Lindstrdm,^ from the late Silurian oolite at 
Bursvik, Gotland, is also similar. The Chapman shell differs from both G. acadica and Salter's 
form in two respects. First, in the present specimen the umbon^ are less nearly terminal, 
being one-sixth the length from the anterior margin, and there is consequently a more pro- 
nounced anterior portion of the shell; second, in both the European and Acadian fossils there 
is a second more or lo^s definite concave depression in front of the radial sulcus, but no trace of 
such a depression is present in the specimen at hand, whose surface is convex throughout except 
for the radial sulcus. Because of the differences indicated I refrain from identifying the Chap- 
man shell with the late Silurian Grammysia acadica Billings (or with Salter's '^Orthonota^^ dngvlata 
(not Hisinger), 1848, which is presimiably cospecific with Billings's species) with any greater 
degree of definiteness than to call it G. a,cadica var. 

Grammysia (Grammtsioidea) princiana sp. and subgen. nov. 

. Plate XX, figure 8. 

Shell large, closed, equivalve, very inequilateral, transversely and obliquely subovate. 
(The particular specimen fiigured is inequivalve, but this is due to posthumous crushing in the 
rock during fossilization.) Greatest height one-third the length from the front; height about 
eleven-twentieths of the length; greatest length two-fifths the height from the base. Beaks 
incurved, directed forward, situated one-fifth the length from the anterior extremity. Hinge line 
posterior to the beak, equal in length to the height of the shell, straight or nearly so, and declining 
so that the posterior extremity of the hinge is one-fourth or one-fifth the height below the 
beaks. Postero-cardinal region angular, obtuse; posterior mai^n retrorse, straight, or very 
slightly convex from cardinal extremity to point of maximum length, which includes a distance 
equal to about three-fifths the length of the cardinal line. Postero-basal region rounded-angular, 
the posterior margin and posterior basal margin forming an angle of about 95°. Basal margin 
nearly straight to the point at the base of the maximum height, whence it arches upward to 
the anterior extre^ty. The anterior portion of the shell is unsymmetrically rounded, the 
upper portion having a shorter radius of curvature than the lower. At midheight the anterior 
extremity is abruptly recurved, producing a long, concave lunule in front of the beaks. Depth of 
both valves in conjunction probably about half the height. The specimen as preserved is crushed 
and flattened and only 20 millimeters thick, but it seems originally to have had a thickness of 
26 or 28 millimeters and a height of 55 millimeters. The thickness is therefore certainly not 
less than one-third nor more than one-half the height. Point of greatest convexity on the line 
of maximum height, about a third below the cardinal line; the shell is equally deep on the 
posterior carination three-sevenths of the distance from the imibones. The umbo is convex 
but not tiunid; incurved; the beaks almost on the hinge line. The general surface of the shell 

1 Compare O. abbreviata Sandberger, O. prumiensit Beushausen, O. inxqualU Beushaiuen, O. taunka (Kayser), and O. obtcura Beushaiuen 
(Beushausen, Louis, Die Lamellibranchlaten des rheinlschen Devon: K. prenss. geol. Landesanstalt Abh., new ser., vol. 17, pp. 249-249, pis. 
19-22, pars, 1885), which range from lower to highest Eo-DevonJan. 

> Phillips, John, and Salter, J. W., The Malvern HUls: Geol. Survey Great Britain Mem., vol. 2, pt. 1, p. 360, pi. 17, fig. 2 (cet. excL), 1848. 

> Paleozoic .fossils of Canada, vol. 2, pt. 1, p. 140, pi. 9, figs. 4, 4a, 1874. 
« Angelin, N. P., Fragmenta silurica, p. 20, pi. 19, fig. 33, 1880. 
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is very gently convex, except for a rounded carination extending from the beak to the postero- 
basal angle, on which the convexity is more pronounced. Posterior to this carination the sur- 
face is flat or very slightly, almost imperceptibly, concave to the cardinal line. The general 
surface over the greater part of the shell anterior to the carination is depressed-convex or almost 
flat, except the anterior end, which is more distinctly convex. In front of the beak there is a 
concave lunette. Posterior to the beak the cardinal line is abruptly inflected to form a large, 
deep ligamental groove. 

The surface is covered with very low concentric folds which are fairly even and regular 
on the umbones but become irregular and obsolescent over the general area of the shell, pro- 
ducing a concentrically striate, faintly imdulose surface. There is no indication ot any radial 
fold or sinus comparable with the cincture in the Grammysia, nor is there any abrupt insinuation 
or interruption of the continuity of the concentric markings. There is, however, an extremely 
faint undefined sinus which causes the flattening of the general central siu-face and also pro- 
duces a very feeble, scarcely perceptible long constriction of the basal margin. Posterior to 
the carination the striae are recurved parallel with the margin, the carination serving as the angle. 
The lunette is smooth, concave, equal in length to more than one-third the height of the shell, 
and very wide. 

Except for the presence of a long, deep posterior ligamental groove and a conspicuous 
anterior lunule and well-developed lunette the hinge features are unknown. The muscular 
scars are distinctly developed. The anterior adductor is oval or semicircular, situated just 
under the anterior half of the lunule. The posterior adductor scar is suboval or obtusely tri- 
angular, about twice as long as the anterior scar; it is situated on and just in front of the poste- 
rior carination but does not extend back of it. There are no discernible pedal, retractor, or other 
accessory muscular scars. The pallial line reaches the anterior third or half of the posterior scar, 
thus leaving the posterior half or two-thirds of the scar outside. The posterior portion of the pal- 
lial impression has not been very clearly preserved, but it appears to be simple (noninsinuated) and, 
as in Grammjrsia,* extends from the posterior scar backward and downward, then ctirving for- 
ward, nearly straight and parallel with the basal margin, then reaches upward and forward 
to the anterior scar, near the forward basal extremity of which the pallial line ends. No radial 
striations or pits have been observed along the pallial impression, which is, indeed, very obscure 
in the specimen at hand, but whether this absence is due to imperfect preservation of the present 
specimen or to the real tenuity of the pallial impression can not be stated. . 

As already indicated, the specimen is 100 milUmeters long, 55 miUimeters high, and, as 
restored from its crushed condition, between 26 and 28 millimeters thick. These dimensions 
indicate the large size of the species. 

Locality. — Moose River sandstone, Detroit, Maine. 

Comparisons. — ^This species resembles very closely Grammysia canadensis Billings,^ from 
the lower part of the Gaspe sandstone at Gaspe, but 6. canadensis has a rather longer and 
less declining hinge line, a slightly more nasute postbasal extremity, a more arcuate basal line, 
and, most important of all, has a distinct fold and two sulci in the left valve and correspond- 
ing structures in the right valve. In Grammysioidea princiana there is of course no indication 
whatever of fold or sidcus. 

Another remarkably close ally of Grammysioidea princiana is Grammysia insequalis 
Beushausen,' from the Siegen graywacke of Ysenberg, a species which has no appreciable 
indication of the radial fold in the right valve, and only obscure traces of a radial sulcus, 
accentuated by an abrupt interruption of the ornamentation, in the left valve. The differ- 
ences between these two species are very slight; they include a more pronounced posterior 

i See De VerneoilyBdoaard, Soc. gtel. France Bull., 2d s«r., vol. 4, p. 607, fig. 2, 1847 (G. "hamUtonensiif^' from Nehon, Normandy); also Hall, 
James, Paleontology of New York, vol. 5, pt. 1, pi. 54, fig. 8 (G. MnOooto), pi. 57, figs, a-4, 1885 (<7. drcutori»), both species from theHamllton of 
New York. See also Beuahausen, Louis, Die LamelUbranchiaten des rheinJschen Devon: K. preuss. geol. Luidesanstalt Abh., new ser., vol. 17, 
pi. 23, fig. 1, 1895 {O. marginata Goldfuss, from the upper Eo-Devonian of Lahnsteln, in the Rhenish province). 

s Billings, Elkanah, Paleozoic fossils of Canada, vol. 2, pt. 1, p. 51, pi. 4, fig. 3, 1874 (not Leptodomus eanadtiuis Billings, idem, p. 54, pi. 5, fig. 1, 
which is also apparently a Grammysia). 

t Beoshausen, Louis, op. cit., p. 245, pi. 21, figs, la, lb. 
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carination, more retrorse posterior margin, larger posterior slope, and weaker concentric orna- 
mentation in the American species. The left valve is too poorly preserved in 0. princiana for 
comparisons with reference to the radial sulcus structure, but in the right valve of the specimen 
at hand there is no trace whatever of such structiu-e. 

Perhaps the closest resemblance is to Megalodon {Grammyaundea) curvcUua Krantz,* in which 
the beak is more anterior and the ornamentation more obsolescent. Beushausen regards this 
species as possibly cospecific with his Orammysia insequalis. 

Orammysioidea alveata (Conrad), G, liraia (Hall), and G. interplicatus (Clarke) are easily 
distinguished from G. princiana by their more nearly circular or less transverse outline, com- 
paratively shorter hinge, and stronger markings. 

Gbammysia (? Grammysioidea) modiomorph£ (Clarke). 

Plate XXIII, figures 16, 17. 

1907. Grammy via modurmorphst. Clarke, New York State Hub. Bull. 107, p. 221, two lower figures (not upper figure). 
Lower Devonic [Chapman sandstone]: Edmunds Hill, Chapman Township, Aroostook Coimty, Maine. 

A large species of Grammysia which seems to be very common in the Chapman sand- 
stone of Edmunds Hill Gocality 1099 C) is represented in the collections by aboub half a dozen 
poorly preserved specimens. In this species the length is less than twice the height, the ratio 
of length to height varying from 12:7 to 3:2. The greatest height is sUghtly in advance of the 
midlength. The umbones are broad, incurved, directed forward; the beaks are at the anterior 
fifth. The cardinal line is nearly straight, very slightly reclining, and equal in length to the 
height of the shell. The posterior margin is retrorse, the upper part nearly straight, the most 
projecting pomt at the lower fourth or third. The basal margin is straight or broadly insin- 
uated for a distance about equal to the length of the cardinal line, whence the basal margin 
rises forward and upward in a broad curve which roimds off into the anterior margin. The 
anterior portion of the shell is very distinct, with the most projecting point near or slightly 
below the midheight. The lunule is well defined and begins at about the upper third of the 
height. With regard to convexity, the distinguishing feature is a broad, persistent sinus over 
the central part of the shell becoming more pronounced toward the base, where it produces a 
more or less distinct concavity of the surface and broad constriction of the margin. The 
umbonal ridge is broadly rounded, undefined. 

The surface ornamentation consists of concentric obsolescent growth lines irregularly aggre- 
gated into concentric obsolescent ridges or undulations. Three specimens have, respectively, 
the following dimensions: Length (in miUimeters), 61, 68, 57; height (in millimeters), 36, 40, 33. 

Locality. — Chapman sandstone, Edmunds Hill, Chapman Township, Aroostook County, 
Maine. 

U. S. National Museum, catalogue No. 59761. 

Comparisons, — ^The species is very closely allied to G. prindanxi, from which it differs in 
the conspictious broad sinus, the proportionally somewhat greater height, and in the smaUer 
size. There is also a close relationship with Orthonotus semisulcaius McCoy' (not Sowerby) 
from the Upper Ludlow green quartzite of Kirkby Moor, near Kendal, Westmoreland, in the 
general expression produced by the similar outline and convexity and the broad sinus, but the 
English shell is smaller, the beaks sUghtly more anterior, and the posterior margin less straight. 

Grammysioidea elymelloides sp. nov. 

Plate XXIV, figure 10. 

Transversely ovoid, widest in front; length twice the height; maximum length at the mid- 
height; greatest height at the anterior third, back of the beak. The dimensions of the two 

1 B[rantz, A., Ueber ein neues bei Menzenberg aufgeschlossenes Petrefakten Lager in den devonischen schichten (Slegen gra3rwacke): Naturhist. 
Ver. preuss. Rheinlj&nde Verb., vol. 14, p. 161, pi. 11, figs. 4a, 4b« 1S57. 

s McCoy, Frederick, British Paleozoic rocks and fossils, p. 275, pi. 1 K, fig. 25, 1855. The ModiolaCt) semimlcata Sowerby (SUurian system, 
pi. 8, fig. 6) with which McCoy considered his shells identical is very distinct specifically, and apparently also generically. 
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specimens are 46 by 24.5 millimeters (type) and 37 by 16 millimeters. Both specimens are 
somewhat crushed; the second is incomplete ventrally. Umbones broad, incurved, arching 
only slightly beyond the hinge line; prosogyrate, beaks at the anterior seventh. Hinge Une 
long, from 1| to IJ times the height of the shell; nearly straight, very slightly convex, descend- 
ing so that the postcardinal extremity is one-eighth the height below the umbones. Postcar- 
dinal region obtusely rounded. Posterior margin very gibbously arched, convex throughout, 
very retrorse in the upper third; posterior extremity at the midheight; lower portion curving 
into the ventral margux. Ventral margin convex throughout, strongly belUed down, nowhere 
insinuated or constricted; the extreme lowest point is at the anterior two-fifths, whence the 
ventral margin ascends only very shghtly posteriorly but rises very strongly anteriorly into 
the well-developed, rounded, distinct anterior end, which includes one-eighth the length of the 
shell and two-thirds the height, and which is separated from the umbones by a strong, well- 
developed lunule. Anterior extremity at the midheight. Rather gibbous, especially over the 
region of the umbonal ridge, which is rounded and undefined, except by the retral curve of 
the ornamentation. The posterior slope is convex throughout, as is the entire shell, includ- 
ing the infraumbonal region, which is nowhere insinuated. The umbones are gibbous, inflated, 
incurved, not elevated. The greatest depth of the valve is in the region of the rounded umbonal 
ridge, a trifle above the midheight and three-fifths the length from the front. The depth of 
the single valve is equal to one-third its height or a trifle less, though the specimens are 
crushed and the original depth may have been half the height. 

A long, well-developed inflection of the cardinal line produces a very pronoimced and 
conspicuous escutcheon. The limule and limette are also very well developed. There do not 
appear to be any posterior lateral teeth; the strongly incurved beak prevented any observa- 
tions as to the presence of cardinal teeth. The anterior muscular scar is broadly oval, situated 
below the limule, rather faintly impressed. What seems to be a posterior muscular scar is very 
faintly discernible, subcircular, twice as long as the anterior scar; it fiUs the space between the 
umbonal ridge and hinge line and is separated by twice its length from the beak. Palhal line 
simple, distant from the ventral margin. Beginning at the base of the anterior adductor scar, 
it curves strongly downward and backward, is nearly horizontal over the middle of the shell, 
and ascends very slightly to the umbonal ridge. At the respiratory angle it is abruptly deflected 
forward and upward, making an angle of less than 45^ with the horizontal axis and terminating 
at the inner third of the posterior adductor scar, leaving most of the posterior muscular scar 
outside of and above the paUial line. 

There are no discernible undulations; the surface is smooth, marked only by obsolescent 
faint tenuistriate Unes of growth. The internal mold is smooth and devoid of ornamentation. 

The distinguishing features of the fossil are the transversely ovoid outline, wider in front; 
small size; rounded, nonconstricted basal margin; long tapering and rounded posterior end; 
smooth surface; and absence of ventral insinuation or restriction. 

Locahty: Chapman sandstone; both specimens from Presque Isle Stream, Chapman Town- 
ship, Aroostook Coimty, Maine. 

U. S. National Museum, catalogue No. 59762. 

Comparisons. — ^The species is nearly related to Grammysia undata Hall,* of the New York 
highest Devonian (Panama co^lomerate), but is quite distinct, lacking the ventral constric- 
tion, having the imibones more anterior and being somewhat less strongly marked. Grammysia 
glabra Hall' is also similar, but has a ventral sinus and more protuberant umbones. 

Genus PHYSETOMYA TTlrich, 1893. 

The generic name Physetomya Ulrich has been discussed on page 132, where its relations 
to Cercomyopsis Sandberger, Pholadella Hall, and Grammysia De Vemeuil have been indicated. 

1 Paleontology of New York, vol. 5, pt. 1, 1885, p. 379, pi. 61, fig. 23; pi. 64, fig. 30; pi. 93, fig. 21. If Hall's species is a closed, Dongapiog, shell 
It apparently belongs to the subgenus Onmmpsioidea. 

'Idem, p. 309, pi. 93, fig. 24; Chemung group, Warren County, Pa. 
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Phtsetomya sp. indet. 

Plate XXVI, figure 4. 

This specimen of a left valve is incomplete on the anterior, but indicates a Grammysia- 
like shell of the usual transverse outline common to the species of Cercomyopsis Sandberger 
(=Physetomya Ulrich). On the external mold there were observed traces of fine, continuous 
radial strise below and just back of the beaks and crossing the concentric imdulations. The 
body of the shell is covered with coarse concentric wrinkles, which fade out on the posterior 
slope. The imperfection of the specimen anteriorly makes comparisons with allied species 
unfeasible. The portion of the shell preserved recalls in outline and ornamentation (on the 
internal mold) the British Upper Ludlow Leptodomua truncatus McCoy,* which is a Sphenomya. 

Locality: Chapman sandstone, west side of Edmimds Hill, Chapman Township, Aroostook 
Coimty, Maine. 

U. S. National Museum, catalogue No. 59763. 

Genus ELYHELLA HaU. 

The genus ElymeUa was founded by Hall for some small ventricose Middle Devonian shells 
of uncertain hinge characters, but easily recognizable by their external aspect, which is charac- 
terized by strong convexity; transversely elliptical-ovoid outline without insinuation; incurved 
beaks anterior and directed forward, and cardinal line fairly long, convex, and slightly reclining 
posteriorly; both anterior and posterior extremities rounded (as is, indeed, the entire sheU) 
and the short anterior extremity narrower dorso-ventrally than the posterior extremity. The 
ornamentation consists of concentric lines of growth, sometimes elevated into uneven concen- 
tric ridges. 

Hall's original diagnosis ' of the genus is as follows: 

ElymeUa n. gen. (T3rpe, Elymella nuailoides Hall.) Shell equivalve, inequilateral, ovate elliptical. Anterior 
end very short and the margin rounded. Posterior end narrower ' and rounded at the extremity. Beaks closely 
incurved; umbo prominent. Cardinal line short. Umbonal slope prominent in the upper part, not confined, and 
merging into the general convexity of the shell. Surface marked by fine concentric strise of growth, which are some- 
times lamellose and elevated into concentric ridges. Hinge line short, the internal characters imdetermined. Muscu- 
lar impressions unknown. The small group of shells here termed Elymella can not with propriety be referred to any 
established genus, and therefore this name has been chosen in reference to the form and expression of the fossils. The 
form of the shell and the direction and character of the concentric striae resemble some species of Nucula ; but although 
occurring with specimens of the latter genus, showing the hinge teeth, none of the specimens of Elymella have pre- 
served any indications of such characters. 

Examples: Elymella fabaliSj Plate XL, figures 5, 9; Elymella nucuhides^ Plate XL, figures 6, 7, 8. 

As to the hinge, it may be safely stated that these shells are edentulous, for no indica- 
tions of teeth have ever been observed. 

Allied genera. — Figures of species of Elymella resemble very much forms of Glossites, as 
can be seen by comparing the respective species of the two genera figured pn Hall's Plate XL. 
Glossites is, however, a flattened lameUibranch; Elymella is gibbous. 

Elymella is closely related to the Upper Devonian and Mississippian Spathella Hall,* but 
Spathella is somewhat more elongated than Elymella and widens posteriorly instead of nar- 
rowing. ElymeUa is also very closely allied to the gigantic Carb^jniferous Broeckia De Koninck,* 
from which it differs practically only in being smaller. Broeckia may occur in the Silurian 
(^.tage E*) of Bohemia. (Compare Astarte primula Barrande and the gigantic Isocardiaf 
laiissima Barrande," which appear to be typical Broeckias.) The genus is unknown in the 

1 McCoy, Frederick, in Sedgwick, Adam, and McCoy, Frederick, British Paleozoic rocks and fossils, p. 279, pi. 1 K, figs. 21-24, 1854. The 
species is from the Upper Ludlow quartzites of Westmoreland. 

« Hall, James, Paleontology of New York, vol. 5, pt. 1 ( Lamellibranchlata II), p. 1.1885. 

' Hall's wording is ambiguous here, and might, by one not acquainted with the shells, be taken to mean that the posterior end is narrower 
than the anterior end. This is distinctly not the case. Hall evidently meant that the posterior portion is narrower at the extremity than farther 
forward. 

* Op. cit., p. xxxiU, pi. 66, figs. 36-42. 

a De Koninck, L. Q., Faune du calcaire carbonifte-e de la Belgique, pt. 5, Lamellibranches: Mus. roy. hist. nat. Belgique Ansales, yoL U, 

p. 19, 1885. 

• Barrande, Joachim, Systtoie sllurien du centre de la Bohtoie, vol. 0, pi. 190, 1881. 
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Devonian. It should be borne in mind, however, that the large typical Broeckias occur in lime- 
stone lamellibranch faunas, whereas in the Devonian lamdlibranch faunas are confined to 
arenaceous and shaly deposits. Typical Broeckia, besides being of relatively gigantic size, 
also differs from Elymella in having the anterior end wider dorso-ventrally than the posterior 
end (for instance, B. prisca McCoy and B. latissima De Koninck * (not Barrande) ; ako B, 
mutica^)j while in Elymella the reverse is of course always the case. However, a few forms of 
Broeckia, such as B. subeqiuilis De Koninck,' have the anterior end narrower, as in Elymella. 

When the minute known Devonian EHymellas, whose length does not exceed 3 centimeters, 
are compared with the relatively gigantic Carboniferous Broeckias, which commonly attain 
a lei^h of 9, 10, or even 12 centimeters, very little genetic connection or relationship between 
the two is at first apparent. But in the Belgian Carboniferous occur several Mymellas some- 
what larger than the Devonian types, and between these Belgian Carboniferous Mymellas 
and typical Broeckia are several transitional forms. The minute Devonian Elymella and the 
typically gigantic Silmian and Carboniferous Broeckia are therefore connected in the Belgian 
Carboniferous by intermediate tjpes, and it seems possible that Elymella is only a minute 
Silurian-Devonian representative of the SUurian-Carboniferous Broeckia which has become 
adapted to conditions adverse to the typical development of the gigantic forms. This hypothesis 
is borne out by the thin shell of Elymella and seems to afford the best explanation of the occur- 
rence of large typical Broeckia in the Carboniferous and ? Silurian, its absence in the Devonian, 
the substantial identity in structural features of Broeckia and the small Devonian Elymella, 
and the occurrence of both types and intermediate forms in the Belgian Carboniferous. 

These Belgian Carboniferous Elymellas and transitional Elymella-Broeckia forms have 
been doubtfully referred by De Koninck to Edmondia, a genus that has become well known 
through its characteristic superficial strongly convex, smooth, quadrate, oval expression, on 
the basis of which various Silurian and Devonian fossils have been referred to it. The essential 
feature of the genus is, however, the presence of an internal septiun imdemeath the cardinal 
line for the reception of an internal ( ?) ligament. De Koninck divided the 67 Belgian Carbon- 
iferous species of Edmondia into two groups, one group characterized by the globular or orbicular 
expression with lengths approximately equal to the height, and the other group transversely 
elongated. The species with the diagnostic internal ligamental septimi are almost entirely 
confined to the first group; the elongated species of the second group, lacking this internal 
ligamental septum, were only doubtfully referred to Edmondia by De Koninck. The genus 
Pseudedmondia Fischer, 1887, is foimded on some of De Koninck's Edmondias that lack the 
internal septum and have an apparently external hgament, but the species of Pseudedmondia 
are globular shells representing the first group of De Koninck. The true classification of 
De Koninck's second group of Edmondias is therefore still imcertain, but many of the species 
can be placed under Broeckia, Elymella, and probably IsocuUa. Among the species that 
can be referred to Broeckia and Elymella are Edmondia? pvlcheUa De Koninck * (a very typ- 
ical Elymella), Edmondia amydalina De Koninck,* Edmmidiaf debUis De Koninck," Edmondia? 
eUiptica De Koninck,^ and Edmondia? yradonga De Koninck,* all of which are referable to the 
genus Elymella, as is also De Koninck's Broeckia dorsata,^ the only small form admitted by 
De Koninck into Broeckia; and Edmondia gradata De Koninck, Edmondia? nohUis De Koninck**^ 
(a typical Broeckia), Edmondia? decorata De Koninck," Edmondia? prsecox De Koninck, " which 
have the Broeckia aspect but are transitional in size from the typical large Broeckia to the small 
EHymella. 

There is, then, a much closer relationship between Elymella and Broeckia than is at first 
sight apparent. It must be remembered, however, that httle is known of the hinge structure 
of these fossils. The term Elymella has been applied only to the smaller broeckioids having 

1 De Koninck, L. G., op. eft., pi. 2, figs. 13« 14. ^ Idem, pi. 7, figs. 19, 20. 

s Idem, pi. 3, fig. 18. etc. * Idem, pi. 7, figs. 21, 

* Idem, pi. 3, fig. 19, etc. * Idem, pi. 6, figs. 11, 12. 

* Idem, pi. 10, figs. 21, 22. lo Idem, pi. 10, figs. 33, 34. 
ft Idem, pi. 13, figs. 30, 31. " Idem, pi. 10, figs. 31, 32. 

* Idem, pi. 7, figs. 17, 18. " Idem, pi. 10, figs. 15-20. 
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the anterior end narrower dorso-ventrally than the posterior end. As thus defined Elymella 
is a valid group of characteristic expression. 

Otologic range of Elymella. — ^Hall ^ described two species of Mymella (£*. nuculoidea and 
E, fabalia Hall) from the calcareous shales of the Hamilton (Middle Devonian of central and 
western New York, and a sUghtly larger species (£*. patula) from the Mississippian shales, at 
Medina, Ohio. Miller and Gurley ^ have described Elymella missouriensis, from the Chouteau 
limestone (Mississippian) near Sedalia, Mo. The Belgian Carboniferous Elymellas already 
mentioned are from Stages I and II. No forms of Elymella have been recognized in the 6tage 
III or Vis6an Carboniferous. Elymella thus ranges through the lower part of the Mississippian 
Oower Carboniferous), Upper and Middle Devonian, and apparently Lower Devonian. The 
species from the Chapman fauna described below is therefore the oldest Elymella known. 

Elymella harrisi sp. nov. 

Plate XXIV, figure 11. 

Shells small, ventricose; closed, equivalve; transversely elliptical; margin rounded through- 
out, not sinuated. Maximum height at the midlength; maximimi length at or just below 
the midheight; length twice the height. Umbones small, narrow, incurved, directed forward at 
a very acute angle with the transverse axis of the shell. Beaks about one-seventh the length 
from the anterior extremity. Cardinal line evenly convex throughout, horizontally or nearly 
so as far as a point two-thirds the length of the shell from the front, thence rounding off into 
the symmetrical, semieUiptical, or paraboUc posterior end. (Parabolic is here used in the sense 
opposed to catenaric, to apply to a curve more ventricose than a circular arc; the term catenaric 
is apphed to a curve flatter than a circular arc.) There is no discernible demarcation between 
the cardinal and posterior margins above nor between the posterior and basal margins below. 
The posterior extremity is at the midheight. The basal margin is a convex, evenly roimded 
curve of shghtly deeper convexity than the dorsal line. The basal extremity is opposite the 
midlength; the anterior basal Une rises more rapidly than the posterior, and merges into the 
small but distinct symmetrically roimded anterior portion of the shell, which includes one- 
eighth or one-tenth of the length. The depth of the single valve is three-thirteenths- of the 
height. The point of maximum depth of the valve is on the rounded umbonal "ridge" opposite 
the midlength of the shell and one-third the height below the cardinal line. The surface is 
evenly rounded throughout except for the umbo, which is marked by a short carinate ridge from 
which the surface slope is almost perpendicular to the cardinal line. The nearly perpendicular 
postiunbonal slope and umbonal ridge are very short, extending only to a point one-third or 
two-fifths the length of the shell from the anterior extremity, beyond which the surface slopes 
in a descent evenly convex in all directions, with only a faint indication of concavity in the 
longitudinal profile just in front of and under the beak. 

The surface ornamentation consists of unequal, obsolescent, concentric lines of growth, an 
occasional stronger line becoming almost lamellose. There are no ridges or pUcations. The 
strisB have the same uniformly convex elliptical curve as the margin. In the specimen figured 
the ornamentation is strongest in the posterior portions of the shell and faintest in the anterior 
end. 

In the single specimen at hand, an internal mold of the left valve, there are no indications 
of the existence of any teeth or ligamental structures, nor are there discernible muscular impres- 
sions. There are faint markings comparable with an anterior muscular scar, which, if really 
such, is obUquely ovoid, 4 millimeters long and horizontally striate on the posterior or narrower 
end. From the anterior upper part of the scar a low clavicle septal ridge extends upward and 
backward to the beak. It is possible that these markings, thus anatomically interpreted, may 
prove to be merely accidental grooves or scratches on the specimen. 

1 Hall, James, Paleontology of New York, vol. 5, pt. 1, pp. 602-505, 1885. Hall's ElymelUt levala, from the Hamilton of eastern New York, has a 
sinuated basal margin and flattened middle surface and can not be included in Elymella. It is possibly a modimorphid or grammjrsioid. 

« Miller, 8. A., and Gurley, W. F. E., New species of Paleozoic Invertebrata from Illinois and other States: Illinois State Mus. Nat. Hist. BuH. 11, 
p. 15, pi. 2, figs. 11, 12, 1896. 
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The type and only specimen is 25 millimeters long, 13 millimeters high, and 3 millimeters 
deep. 

Locality: Chapman sandstone, Edmunds Hill, Chapman Township, Aroostook County, 
Maine. 

U. S. National Museum, catalogue No. 59764. 

Comparisons. — ElymeUa liarrisi is very similar in appearance to Edmondiaf dehilis * and 
Edmondiaf pradonga^ De Koninck, from the *' sub-Carboniferous" 6tage II, of Pauquys and 
Waulsort, Belgium. 

Both these species are Elymellas, as has already been indicated. In Edmondiaf pradonga 
the anterior end is much shorter and in E. dehilis it is shghtly longer than in E. Tuirrisi. E. Tiar-- 
risi has a more arcuate cardinal line and is somewhat less gibbous than either of the Belgian 
species. From Hall 's three species of Elymella, E. Jiarrisi differs in being slightly more elongated 
transversely, and in having a narrower, sharper, and less elevated umbo. 

OenuB OLOSSITES Hall. 

Glossites Hall is another of the several Paleozoic lamellibranch genera founded on external 
characters. The form is easily recognizable by the transversely elliptical outline and charac- 
teristic very depressed convexity. Hall's original diagnosis ' of the genus is as follows: 

Gloaaites n. gen. (Type, OloadUs lirigualia Hall). Shell equivalve, inequilateral, narrowly or broadly elliptical 
in outline. Anterior end short, margin declining from beak and curving below. Posterior end large, narrowly or 
broadly rounded at the extremity. Beaks small and appressed, subanterlor, or in advance of the anterior third. Car- 
dinal line long, gently arcuate. Umbonal slope not defined, prominent above and usually merging into the general 
convexity of the surface about the middle of the length. Surface marked by fine concentric strise of growth, which 
are often raised into sharp, sublamellose elevations or more rarely by stronger concentric ridges. Obscure radiating 
strise are rarely observed. Hinge-line characters undetermined. There is evidence of an elongate lateral tooth or 
fold, and the valves are joined by a strong external ligament. Lunule distinct. Muscular impressions shallow. 

The species of this genus apparently constitute a very natural group, since they present such characteristic features 
of form and surface characters. These shells have sometimes been referred to Modiomorpha and to SanguinoUtes, but 
they are clearly distinct from either and can not be properly referred to any previously established genus. Some of the 
species in their natural condition have had considerable convexity, or even gibbosity, in the umbonal region; but 
they are evidently thin shells and much compressed. The shell rarely preserves evidence of radiating stri«, which 
are scarcely superficial. 

Examples: Glosntes teretis, Plate XCVI, figure 15. Glosntes lingualia, Plate XL^ figures 16, 17; Plate XGVl, 
figures ^11. Glossites ellipHcus, Plate XCVI, figure 8. 

In the New York rocks a single extremely rare species (G. teretis Hall) occurs in the Onondaga 
("Comiferous") limestone, but this is probably not a Glossites but a Modiomorpha, for it has a 
ventral constriction which does not appear normally in Glossites, where the ventral margin is 
convex throughout. If it is a Modiomorpha the genus Glossites is imknown in New York in 
beds below the Hamilton. In the Hamilton of eastern, central, and western New York several 
species occur, by no means rarely, especially in the coarse arenaceous beds of extreme eastern 
New York, though Glossites svhtenuis Hall is the only form described by Hall from the Hamilton. 
In eastern New York Glossites is occasionally foimd in the Ithaca shale member of the Portage 
formation, though Hall does not describe any species of the genus from that member. Hall 
described seven species from the sandstones of the Chemung of New York, in which the genus 
occurs from the eastern to the western part of the State, though it is nowhere abundant, nor, 
indeed, even common. One species, Glossites amygdalinus (Winchell),* appears in the lower 
Mississippian. In North America, therefore, Glossites has hitherto been unknown below the 
"Comiferous" but has been questionably recognized in the '^Corniferous." It is occasional in 
the Hamilton formation, the Ithaca shale member of the Portage formation, and the Chemung 
formation where it attains its greatest development, continuing into the Mississippian. 



1 De Koninck, L. G., op. cit., p. 50, pi. 7, figs. 17, 18. 

* Idem, p. 51, pi. 7, figs. 

• Hall, James, Paleontology of New York, vol. 5, pt. 1, dlv. 2, pp. xl!x-1, 1886. 

« San^ino^Ut ampgdalinut Winchell (Acad. Nat. Scl. Philadelphia Proc., 1863, p. 13) and GlouiUt amygdaHntu Hall (op. cit., p. 601, pi. 40, 
Bgs. 13, H), from the ''Yellow sandstone" at Burlington, Iowa; also recorded from the Ifisslasippian sandstone of Licking County, Ohio (Herrick, 
C. L., Denison Univ. Sci. Lab. Bull., vol. 3, p. 09, 1888). 
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In Europe Glossites is represented by Sanguinolaria concentrica Goldfuss,* 1832, from the 
Middle Devonian of Gerolstein, in the Eifel, and by OrthoncUaf solenopsis Barrande.^ 

In South Africa the genus Glossites has been recognized by Reed ' in the Lowest Fossilif erous 
or First sandstone, now regarded as of the age of the Lower Coblenzian, or the zone of Spirifer 
Jiercynise ( = S. gaspensis) (middle Eo-Devonian) . Reed describes and figures a very large Glossites 
which he regards as somewhat similar to Glossites depressus Hall, from the New York Chemung. 

In the Chapman faunas, Glossites is represented by three distinct species which are there- 
fore the oldest forms of the genus described. 

Glossites barrandii sp. nov. 

Plate XIX, figurea 14, 17. 

of. 1881. Orihonata (?) solenoptis. Barrande, Syst^me silurien du centre de la Bohtoe (Ac^phalee), pi. 258, case 2, 
figs. 8, 9. 
l^tage G: Tetin, Bohemia. 

The Chapman species is very similar to the fragmentary Devonian fossil from Bohemia 
figured by Barrande under the above name. The form is peculiar in its narrow elliptical outline, 
which does not widen, but instead slightly contracts posteriorly; in the umbones, which are far 
removed from the forward end, being situated at the anterior third; and in the strongly pro- 
noimced concentric striation. The Chapman species shows a peculiar flattening just below the 
hinge line; this area is broken off in the Bohemian shell, where a similar structure appears to 
have been present. 

Outline transversely narrow elliptical; length (33.5 millimeters) a little over twice the 
height (15.5 millimeters); greatest height slightly in advance of the midlength, at about the 
anterior three-sevenths ; greatest length about two-fifths the height above the base. Umbones 
very broad, obtuse, compressed, situated at the anterior third; not protruding beyond and 
indeed hardly reaching the hinge Ime; directly upward, very faintly prosogyrate. Cardinal 
line long, equal in length to 1 J times the height; nearly straight, very slightly convex; descending 
posteriorly so that the posterior extremity is two-fifteenths the height below the umbo. Cardi- 
nal extremity angular, obtuse, about 110^ to 115°. Posterior margin truncate; retrorse above, 
where it is straight or very slightly concave. Posterior extremity at the rounded respiratory 
angle a trifle less than one-third the height above the base. Ventral margin arched, convex 
throughout, nowhere insinuated or constricted, nearly horizontal in the middle; ascending into 
the roimded forward end only very slightly more strongly than into the posterior end. Extreme 
lowest point at the midlength. Anterior end well developed, rounded in a nearly sjrmmetrical 
deep parabola; anterior extremity three-sevenths the height above the base. No concavity in 
front of the beak. 

The shell is very depressed convex; the greatest depth, 2.2 millimeters, is equal to about 
one-seventh the height of the valve or one-fifteenth the length, and is situated at the midheight 
or a trifle above, and at the anterior three-sevenths the length. The postumbonal ridge is very 
depressed, broadly rounded, nondefinable; in front of it the surface is evenly and very gently 
convex, the umbones depressed. Between the region of the umbonal ridge and the hinge line, 
nearer the latter, is a radial sulcus which produces an abrupt flattening of the surface as far as 
the hinge line. This flattening below the hinge line is well indicated in the figures. In front 
of the umbones there appears in the specimen a faint furrow extending horizontally forward 
and slightly downward, subparallel to the upper anterior margin and approaching the front 
margin. There is no flattening above it. This may indicate a lunette, or it may be merely an 
accidental feature. The hinge line appears to have been occupied by a very narrow, almost 
linear ligamental groove, but whether this was internal or external can not be ascertained. 
There are no indications of teeth, unless the radial furrows in front of and behind the beak are 



1 See Beushausen, Louis, Die Lamelllbranchiaten des rheinischen Devon: K. preuss. geol. Landesanstalt Abh., new ser., vol. 17, p. 388, pi. 

35, figs. 10, 11, 1895. 

* Systime silurien du centre de la BohAme, pi. 258, case 2, figs. 8, 9. From dtage G ' [ Devonian]: Tetin, Bohemia. " 

I Reed, F. R. C, MoUusca from the Bokkeveld beds: South African Mus. Annals, vol. 4, pt. 6, No. 11, p. 254, pi. 31, fig. 5, 1904. First saztd- 

stone, near Klein Straat Siding. 
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considered as such, but that these furrows really indicate teeth is highly improbable. Muscular 
scars or pallial line not impressed. Shell structure unknown, but the shell was apparently 
extremely thin, for the surface striations and the flattening and furrows below the hinge are 
preserved on the internal mold or '^sculpture cast'' nearly as strongly as on the external mold. 

The surface and the '^sculpture cast" are covered with strongly pronounced concentric 
strisB, which are strongest in the region of the postumbonal ridge; behind this they become 
rather retrorse, and at the posterior radial sulcus they are slightly insinuated. Varices are only 
obscurely developed by an occasional concentric line, becoming a trifle stronger for a short dis- 
tance in crossing the region of the umbonal ridge. The striation continues to the upper anterior 
margin. 

The type and only specimen, an internal mold or ^'sculpture cast," and an external mold 
of the same shell (a left valve) is 33.5 millimeters long, 15.5 millimeters high, and 2.2 millimeters 
thick. 

The principal distinguishing features of the species are the strong concentric ornamentation; 
the large anterior end, with the beaks far back, at the anterior third and only slightly prosogy- 
rate; the narrow, transversely elliptical outline, with hinge line slightly descending, not ascending; 
and the posterior margin retrorse, nearly straight or slightly concave. 

Locality: Chapman sandstone, west side of Edmunds Hill, Chapman Township, Aroostook 
County, Maine. 

U. S. National Museum, catalogue No. 59765. 

Comparisons. — ^The large anterior end with the beaks far back at the anterior third will 
distinguish the Chapman species from any other known form of Glossites except the Devonian 
fossil from Bohemia already mentioned. In the strong concentric striation there is an approach 
to G. depressus Hall, but the New York species may be easily distinguished by its ascending 
hinge line, roimded posterior end, and shorter anterior end. A still closer approach to the 
Chapman species is made by Glossites IxTigualis Hall,^ which occurs in the Chemimg at Belmont, 
N. Y. This form has similar striation and a nonascending hinge line, but its posterior end is 
rounded, not straight, or retrorse, nor with angular hinge extremity, and the beaks are much 
more anterior. 

In the strong striation, narrow elliptical outline, beaks far back at the anterior third, and 
truncate posterior margin, Glossites harrandii apparently very closely resembles Barrande's 
Orthonataf solenopsis, from the Devonian of Tetin, Bohemia (^tage G'), but imfortunately Bar- 
rande's fossil is only fragmentary. It is incomplete near the hinge line, and its real features 
in this imknown region may ultimately prove it to be distinct. The Bohemian shell may be 
distinguished for the present by its being much shorter in height than G. barrandU, 

GLossrrES amnigenoibes sp. nov. 

Plate XIX, figure 20. 

Outline transversely ovoid or spatuloid, widest behind; length (52 millimeters) a trifle over 
twice the height (24 millimeters) ; greatest height at the posterior end of the hinge at the posterior 
third; greatest length at the ventral fourth. Umbones gibbous, depressed to and not protrud- 
ing beyond the hinge line; broad, prosogyrate; beaks at the anterior sixth. Hinge line very 
slightly convex, nearly straight, equal in length to the height of the shell; ascending markedly 
toward the rear, so that the greatest height of the shell is at the hinge extremity. Posterior 
margin long, slightly convex, very retrorse, forming an angle of 45*^ with the height of the shell; 
posterior extremity at the respiratory angle very near the base (one-iBfth or one-sixth the height 
above the base). Ventral margin depressed arcuate, convex throughout; nowhere insinuated 
nor constricted; nearly horizontal for the posterior three-fifths. The lowest point of the shell 
is below the hinge extremity at the posterior third, whence the ventral margin ascends very 
slightly to the respiratory angle, extends horizontally forward for one-third the length, and then 

1 Hall, James, op. cit., p. 497, pl.>40, fi§:s. Id, 19; not pi. 96, which represenU a diilerant species from Mansfield, Pa. 
50245°— No. 89—16 10 
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ascends strongly into the narrow, rounded anterior end, which includes half the height of the 
shell and one-sixth or one-seventh the length. Anterior extremity at the lower two-fifths of the 
height. The shell is convex throughout, depressed over most of the surface, but a little more 
inflated-convex below the umbones in the anterior half of the shell. Point of greatest depth 
situated a trifle in front of and above the middle; depth of the single right valve 4.2 millimeters^ 
or a little less than one-sixth the height and less than one-twelfth the length. There is no 
umbonal ridge, its space being flattened. Hinge featiures unknown. The anterior muscular 
scar is broadly reniform, of moderate size, situated close to the upper margin of the anterior 
end; no retractile scar discernible. The posterior adductor is much more feebly impressed and 
is very much larger, being at least twice as long as the anterior scar and broadly oval in outline. 
Pallial line extremely obscure, but simple. 

The specimen, an internal mold of the right valve, is marked by obsolescent concentric 
stri» of growth, which leave it almost smooth except for an occasional thin wrinkle or varex. 
The ornamentation, very faint everywhere, is most conspicuous near the.r^on of the umbonal 
ridge. Length, 52 millimeters,' height, 24 millimeters; depth, 4.2 millimeters. 

The distinguishing features of this species are the strongly ascending hinge line (equal to 
the height) and the long retrorse posterior margin, causing the greatest height of the shell, which 
is at the hinge extremity, to be at the posterior third. The length is only twice the height. 
This is the only species of Glossites in which the characters of the muscular scars and pallial line 
are known. 

Locality: Chapman sandstone, Edmunds Hill, Chapman Plantation, Aroostook County, 
Maine. 

U. S. National Musemn, catalogue No. 59766. 

Comparisons. — In the distinguishing features indicated above Glossites amnigenoides seems 
to be very closely aUied to Hall's Glossites teretiSj^ from the Onondaga C'Comiferous") lime- 
stone at Littleville, near Avon, Livingston Coimty, N. Y., but G. teretis, besides having the 
beaks more nearly terminal, also differs in having an insinuation or constriction below the 
umbones, which suggests its relationship to the genus Modiomorpha rather than to Glossites. 

Glossites amnigenoides is in general intermediate between G. patvlus Hall,' from micaceous 
red sandstones above ( ?) the Chemung at Mansfield, Pa., and G. procerus Hall,' from the higher 
beds of the Chemung at Mansfield, Pa., and Rockville, N. Y., being more elongated than the 
former and shorter than the latter and also differing from both in some minor features. It 
bears a close superficial resemblance, particularly in outline, to ModiomorpTia rigida Hall,^ from 
the Chemung formation of Allegany County, N. Y. That species has a much more conspicuous 
umbonal ridge but is a moderately convex species without ventral insinuation or constriction 
and is therefore presumptively not a Modiomorpha; it may possibly be a Glossites. 

As is indicated by the name, the Chapman fossil bears a strong resemblance to the well- 
known Amnigenia catsJciUensis (Vanuxem),* a characteristic form of the Upper Devonian fresh- 
water or estuarine beds, particularly in the large size, ascending hinge line equal in length to the 
height, and long, very retrorse posterior margin; but the Amnigenia is somewhat larger and more 
elongate, and, what is still more important, it has a modiolopsoid ventral insinuation and occurs 
with a nonmarine faima; Glossites amnigenoides occurs with a marine faima. 

Glossites cf. G. depbessus Reed (not Hall). 

cf. 1904. Glossites a£F.? G. depressus (not Hall). Reed, South African Mus. Annals, vol. 4, p. 254, pi. 31, fig. 5. 
Bokkeveld series, First sandstone (zone of Spirifer hercynix) : Near Klein Straat Siding. 

A third species of Glossites is represented in the collections from the Chapman sandstone 
by a specimen which looks as if it might have been the original of Reed's figure cited above 
and is possibly the same species. The Chapman fossil is imfortunately too poorly preserved 
to warrant an extended description or figure, being even more fragmentary than the South 

1 Hall, James, Paleontology of New York, vol. 5, pt. 1, p. 494, pi. 96, fig. 18, 1886. < Idem, p. 287, pi. 41, figs. 14-16 (not fig. 17). 

s Idem, p. 499, pi. 96, fig. 13. > Idem, p. 516, pi. 40, figs. 1-4; pi. 80, fig. 13. 

* Idem, p. 501, pi. 96, figs. 16, 16. 
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African shell referred to. The species of Glossites represented is characterized by its large size; 
length a little more than twice the height; dorsal margin convex, horizontal; posterior margin 
very retrorse with the posterior extremity near the base; umbones well back, at the anterior 
quarter, with a faint, low, subangular umbonal ridge. Height 27 millimeters; length imknown, 
but well over 63 millimeters. 

LocaUty: Chapman sandstone, west side of Edmunds HUl, Chapman Township, Aroostook 
County, Maine. 

U. S. National Museimi, catalogue No. 59767. 

Family CYRTODONTIDiE Ulrich. 
GenuB CYPBICABDITES Conrad. 

In establishing the family CyrtodontidsB, Ulrich ^ adopted Cyrtodonta Billings as the type 
genus and cited the genera Paleearca Hall, AngeUum S. A. Miller, and ''Cypricardites Hall and 
most American authors (not of Conrad)" as synonyms. The family was regarded by him as 
essentially Ordovician, becoming practically extinct with the close of the Silurian. Tlie genus 
Cypricardites Conrad, with C, curius as type species, was regarded as not synonymous with 
Cyrtodonta Billings, and Ulrich suggested that '^Cypricardites may for a long time to come 
serve as a convenient temporary receptacle for those species which, because they are insuffi- 
ciently known, can not be definitely placed in other genera.''* 

The search for an appropriate genus in which to place a species of the Moose River sand- 
stone fauna has emphasized the confusion of usage into which Conrad's generic name Cypri- 
cardites has fallen. My study of the subject leads to conclusions somewhat different from those 
of Ulrich, which were based chiefly on Silurian rather than Devonian material. The following 
disciission may save others the trouble of going over again the tangled evidence by which the 
several related genera of the family are supposed to be distinguished. These genera include 
Cypricardites Conrad, Palaearca Hall, Ptychodesma Hall, Cyrtodonta Billings, Vanuxemia 
Billings, and Cyrtodontopsis Freeh. 

In the early part of 1841 Conrad ^ proposed the new genus Cypricardites, which he char- 
acterized as follows: 

Genus Cypricardites. Equivalve, profoundly inequilateral; hinge with four or five unequal cardinal teeth; 
anterior one largest and most prominent, oblique; lateral teeth short and very remote from the cardinal teeth. This 
genus is allied to Pterinea of Goldfuss, but it is never properly alated, nor has it the very large muscular impressions 
of that genus; the cardinal lateral teeth are also different; the anterior cicatrix is often deeply impressed; the pos- 
terior one not visible in casts of the interior. This genus abounds in the Silurian^ rocks, but I have not seen a species 
from any other recent formation. 

No genotype was designated. Conrad described 16 heterogeneric species from the Ordo* 
vician and Devonian. (Hamilton and Portage); but these are now distributed among the 
genera Modiolopsis, Modiomorpha, Grammysia, Pholadella, Goniophora, Cimitaria, and others. 
The first species described is Conrad's Cypricardites ehngatus, from the Hamilton faima at 
Smyrna, N. Y., a species now referred to the genus Cimitaria Hall. In most of the copies of 
the work of Conrad under discussion there are no accompanying figures, but in 1859 Hall 
stated that some of the copies of Conrad's paper were accompanied by a lithographed plate of 
illustrations, and a plate purporting to be a reproduction of Conrad's plate is inserted in the 
Fifteenth Annual Report of the New York State Museum (1862). Upon this plate two species 
of Cypricardites are figured. One of the figures. No. 4, which is labeled only "Cypricardites," 
shows the hinge structiu'e of a tjrpical Cypricardites-Cyrtodonta shell. The other figure rep- 
resents an external view of the Devonian Cypricardites (now Goniophora) carinaia Conrad. K 
the plate subsequently resurrected really accompanied some copies of Conrad's work, the infer- 
ence is that the shell figured as No. 4 was intended by Conrad himself as the type of the genus 

1 Ulrich, E. O., Geology of Minnesota, vol. 3, pt. 2, Paleontology, p. 583, 1897. 

s Idem, p. 536. 

s Conrad, T. A., New York Geol. Survey Fifth Ann. Kept., p. 51, 1841. 

< Conrad's "Silurian" included the Cambrian, Ordovician, Silurian, and the Devonian below the Catskill. 
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Cypricardites. Moreover; it appears that of the 16 so-called species of Cypricardites Conrad 
the one illustrated on the plate as figure 4 is the only one which expresses the characteristics 
of the genus. The form shown in the figure 4 cited, which is Cypricardites curta Conrad, a 
species occurring in the Qrdovician of Richmond, Ind., and near Rome, N. Y., must therefore 
be taken as the genotype of Cypricardites Conrad. 

In 1847 Hall* founded the genus Modiolopsis for Conrad's Cypricardites modiolaris, from 
the beds of Utica and Lorraine age in New York, Ohio, and Indiana. Curiously enough, in 
this work Hall, in citing the species described by Conrad in 1841, makes no reference whatever 
to any published illustrations or plate supposed to have accompanied Conrad's paper, though 
other published figures are accurately cited. Hall's genus Modiolopsis included not only the 
modioliform shells to which the name Modiolopsis is now restricted, but also all the Ordovician 
shells described by Conrad under Cypricardites, including Cypricardites curta Conrad, which 
Hall himself 12 years later recognized as the genotype of Cypricardites Conrad, 1841. That 
the now well-known dimyarian and edentulous Modiolopsis was originally intended by Hall 
to be coextensive with Conrad's concisely characterized genus Cypricardites is indicated by 
his inclusion in Modiolopsis of the various Ordovician Cypricardites described by Conrad. 
Moreover, in a footnote, Hall' proposes the substitution of Modiolopsis for Cypricardites, 
saying: 

I find myself compelled to abandon the use of the name Cypricardites as applied to shells differing so widely as 
these do from the Cypricardla and- belonging apparently to the Monomyaria and not Dimyaria. So far as it is possible 
to ascertain, none of the species of the older strata possess two muscular impressions, and therefore do not strictly fall 
under the genus Cypricardites of Conrad. 

The following is Hall's original diagnosis' of the genus Modiolopsis: 

Equivalve, inequilateral, elongated, becoming broader posteriorly, umbones near the anterior extremity, which 
is marked by a single strong muscular impression, as in Modiola. A sinus often extends from the anterior side of the 
umbones obliquely backwards, leaving the anterior portion separated as a kind of lobe. Surface marked by fine con- 
centric stride; shell thin. 

Thifl genus, ajs defined, includes a very natural group of shells found in the older Silurian strata, some of which 
have been referred to Cypricardia, Modiola, Pterlnea, and other genera. One of the most prominent characters is the 
strong muscular impression which is close to the anterior maigin; this is often visible in the shell, forming a little 
circumscribed elevation, and more conspicuous in the cast, where it is usually well preserved. There is often a slight 
contraction or sinus below or posterior to the umbones, but this is not always conspicuous. The shells of this genus 
are for the most part smooth or marked only by fine concentric lines, indicating the lamins of the shell, and they are 
generally free from angular ridges. Cypricardites modiolaris (Conrad) ? 

This description is much less concise than that of Cypricardites Conrad, 1841; all the 
featiu*es recognized by Hall were equally well or better recognized by Conrad, and whereas 
Hall erroneously regarded the shells as monomyarian, Conrad correctly understood their real 
natiu'e. Hall indicated no characters which would separate these shells from Cypricardites 
as he then understood the genus, so that it seems quite evident that Hall either intended to 
suppress Cypricardites and substitute Modiolopsis in its place, or else he regarded Conrad's 
genus as foimded on some Devonian shells of a different nature. Modiolopsis is now restricted 
to such edentulous dimyarian modioliform shells as are congeneric with M. modiolaris (Conrad), 
which, of course, are very distinct from Cypricardites-Cyrtodonta. 

On March 1, 1858, Elkanah Billings,' paleontologist of the Geological Siu-vey of Canada, 
communicated to the Director of the Survey his report for the year 1857 including the descrip- 
tion of the new genus Cyrtodonta for certain Ordovician forms, which since 1859 have been 
generally regarded as identical with Cypricardites Conrad. The date of publication is not 
certainly known. Billings's report for 1857 was transmitted to the director of the Geological 
Survey of Canada, W. E. Logan, March 1, 1858, and the entire Annual Report of Progress for 

» Hall, James, Paleontology of New York, vol. 1, pp. 157, 2M. 1847. 

« Idem, p. 157. 

I Camida Geol. Siin'ey Kept. Progress for 1857, p. 179, figs. 1-14 ( Cyrtodonta rugosa Billings is described on p. 179 and shown in figs. 1, 2. The 
species is from the " Fourth Chute of the Bonne Chere, Pauquettes Rapids, and at La Petite Chaadlere Rapids near the city of Ottawa, north side, 
associated with numerous fossils of the Trenton and Black River formations "). 
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1857 was transmitted by Logan to the lieutenant governor March 31, 1858, so that the publi- 
cation appeared some time in 1858 later than March 31. However, the portion of the paleonto- 
logic report containing the description of the fossils, including the description of the new 
genus Cyrtodonfta Billings, was published at Montreal as a separate pamphlet of 31 pages with 
the title ''Canadian fossils, containing description of new genera and species, from the Silurian 
and Devonian formations of Canada, etc." The date of this pamphlet is unknown, but it may 
have been March, 1858, the date given by B. E. Walker in his "List of the published writings 
of Elkanah Billings, F. G. S." ^ This portion of Billings's report was again published in 
December, 1858, under the title ''New genera and species of fossils from the Silurian 
and Devonian formations of Canada.'' ' In this article Cyrtodonta is described on page 431 
and this description is conmionly regarded as the original diagnosis of the genus; but appar- 
ently both the Report of Progress for 1857 and the separate pamphlet mentioned above ante- 
date the article in the Canadian Naturalist.' 

Three years later Billings^ said of the genus Cypricardites: 

Ab for myflelf, 1 muBt say that when I described the genus Cyrtodonta, I was aware of Conrad's description, but 
considered, as I do now, that the genus, having been suppressed by Prof. Hall and never acknowledged by paleontolo- 
gists or quoted by them except as a synonym, was perfectly obsolete. 

So far as BUlings was awarp/no figures of the real Cypricardites had ever been pubUshed; 
and seven species of Cypricardites figured and described by Conrad in 1842' all represented 
entirely different shells which would now be included in Cypricardinia, Cimitaria, Goniophora, 
Phthonia, etc. Besides, Billings considered the name Cypricardites inappropriate, the shells 
having, in his opinion, no resemblance to Cypricardia. 

The following is Billings's diagnosis of the genus Cyrtodonta: 

Equivalve, inequilateral; umbones near the anterior end; general form obliquely tumid, transversely subrhom- 
bcidal or ovate, i>06terior extremity lai^r than the anterior and usually broadly rounded; two muscular impressions, 
of which the posterior is superficial and the anterior sometimes deeply excavated; three oblique, often more or less 
curved, anterior teeth situated either beneath or a little in front of the umbones; two or three remote posterior lateral 
teeth parallel with the hinge line; pallial line simple; ligament external; some of the species have a narrow area (escut- 
cheon) between or behind the beaks. 

Billings did not emphatically designate any particular genotype but described ten species 
(giving figures of most of them) from Ordovician rocks throughout Canada from Anticosti to 
Lake Huron and called attention to a few also occurring in the New York Ordovician. The 
first species described and figured by Billings, C rugosa Billings, weU illustrates the generic 
features described and what would be considered a normal expression of Cyrtodonta and may 
be taken as the genotype. 

While Billings was working on these widespread and important Ordovician lameUibranchs 
in Canada, Hall was working on the American species of Conrad's Cypricardites s. str. In 1857 
Hall prepared a paper in which he promulgated the new genus Palsearca to include Palaearca 
(formerly Edmondia) ventricosa Hall and Palsearca saffordi Hall, from the Ordovician of Ten- 
nessee, and Ambonychia obtusa, Cardiomorpha vetustaj Edmondia suhtmncatay E. sviangvJcUa, 
E, ventricosaf Modiolopsis IcUus, and M, subspaivlus, from the Trenton limestone, all described 
in "Paleontology of New York," volume 1, 1847. Conrad's Cypricardites curia, the genotype 
of Cypricardites, which Hall in 1847 included in Modiolopsis, is not included in Palaearca, but 
in a later report* Hall says: ''This species is probably distinct from Modiolopsis." 

Hall's paper on the genus Paleearca was not pubUshed, however, imtil 1859, when, according 
to Billings, it was issued in a small 18-page pamphlet as an advance extract from the Twelfth 
Annual Report of the New York State Museimi. This pamphlet appeared probably in May or 
June, as it is noticed in the July number of the American Journal of Science, under the title 

1 Canadian Rec. Sci., vol. 8, No. G, p. 372. 1901. 

2 Canadian Naturalist and Geologist, vol. 3, pp. 419-444, 1858. 

* Fischer, Paul (Manuel de conchyliologie, 1887, p. 992), cites the genus Cyrtodonta Billings as of date 1853. 
« Canadian Joor., July, 1861. 

» Acad. Nat. Scl. Philadelphia, Jour., vol. 8, pp. 244-246, pis. 12, 13, 15, 1842. 

• New York State Mus. Twelfth Ann. Rept., p. 71, 1859. 
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''Contributions to the paleontology of New York; being some of the results of investigations 
made during the years 1855-1858, by James Hall, Albany, N. Y., 18 pages, 8°, 1859." The 
paper reappeared in the Twelfth Annual Report of the State Museum, pages 8 et seq. (1859), 
and in "Paleontology of New York," volume 3, pages 271, 623, etc. (1860, according to Bil- 
lings). I have not seen the original pamphlet and the following description of Palasarca is 
reproduced from the museum report: 

Shell equivalve, very inequilateral, ovoid or rhomboid-ovate, gibbous or ventricose; umbones subanterior; 
anterior extremity abruptly rounded or sometimes obliquely subtruncate; anterior muscular impression very strongly 
marked (usuaUy a deep round pit); the posterior impression obscurely defined; anterior teeth three, four, or five 
oblique, placed beneath or in advance of the umbones with two or three remote obUque posterior or lateral teeth; 
pallial line simple; ligament external; ligamental area often deep and wide, striated. The shells of this genus vary 
in the development of the ligamental area and in the teeth of the hinge line, the latter often becoming much thick- 
ened, and some of them obsolete with age; the anterior muscular impression is very deep and strong, while the 
posterior one is superficial, though the shell is always thinner at that point, as frequently observed in worn specimens. 

Hall figures PdUearca ventricosa and P. saffordi, showing the hinge and internal features, 
and gives the list of species from the Trenton limestone of New York already cited as included 
in PalsBarca. He states that ''this genus was proposed in 1847, and the description has been 
printed in the Paleontology of New York, volimie 3, with the accompanying illustrations." 
I can find no trace of any mention of Palsearca in 1847, and that date is evidently a misprint 
for 1857. 

In the works cited Hall states that Cypricardites Conrad, 1841, and Palaearca Hall, 1859, 
appear to be identical, and that heretofore the genus Cypricardites had been almost entirely 
overlooked. He reproduces the original description of Conrad's genus, and says:* 

The description corresponds in many respects with that of Palsearca, and the illustration given by Mr. Conrad 
likewise resembles that genus. Should an examination of the typical species prove the two identical, the latter name 
will give place to that of Cypricardites. 

HaU thus suggests that his generic name Palsearca should perhaps be abandoned. In this 
quotation is the first direct reference to the illustration given by Conrad of the generic char- 
acters of Cypricardites. HaU introduces an outUne sketch of a figure showing these char- 
acters and states: 

This figure is copied from the original figure of Mr. Conrad, accompanying the description of the genus in 1841. 
The plate upon which this occurs was engraved to accompany the Annual Report of 1841; but unfortunately only a 
small number were ever distributed so far as known to the writer. * * * At the time 1 proposed the generic name 
Palsearca in 1847 [7 misprint for 1857], I had overlooked the description and figures of Cypricardites, and it is only since 
the printing of that part of volume 3, Paleontology of New York, that my attention has been directed to the subject 
of the preceding note. 

The reviewer^ of Hall's advance pamphlet states that the genus described by HaU, 
Palsearca — 

is the same that was called Cyrtodonta by Billings in the Canada Geol. Rep. for 1857, p. 179; and Billings's name there- 
fore has the priority. Mr. Hall states that the genus is in the third volume of his Paleontology. Unfortunately the 
volume is not published, and much more may yet be lost to the author, as priority of publication is the only just basis 
for any claim. Mr. Hall at the same time observed that the genus Cypricardites of Conrad was based on a shell probably 
of similar character. 

The reviewer adds that, as Palsearca is not related to Area, nor Cypricardites to Cypricardia, 
"both the names Palsearca and Cypricardites are objectionable.'' 

In an article in the Canadian Journal of Industry, Science, and Art for July, 1861, Billings 
gives a short history of the generic names Cyrtodonta, Palsearca, and Cypricardites, in which he 
reiterates the literary objection to the name Cypricardites and says that Cyrtodonta therefore 
ought to be retained. Moreover, he adds, Conrad's geniis was heterogeneous, and no type was 
designated. With regard to the figures supposed to have accompanied Conrad's paper of 1841, 
Billings states that "he [Conrad] did not give any illustrations" and practically accuses Hall of 
having suppressed Conrad's generic name Cypricardites in order that he might apply his own 
generic name Palsearca to these shells. Billings goes on to say that when Hall discovered that 

1 New York StAte Mus. Twelfth Ann. Kept., p. 14, 1859. > Am. Jour. Sci., 2d ser., vol. 28, p. 148, 1859. 
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Cjrtodonta Billings antedated Pabearca Hall, the New York savant resurrected and published 
Conrad's supposed figure in order to suppress Cyrtodonta by reviving Cypricardites. 

In reply to this article Hall published a short *'Note on the genus Cypricardites," ^ in 
which he stated that the slight zoologic error suggested by the name Cypricardites hardly 
warranted expunging the name, citing other names, such as Athyris. which are commonly 
accepted, though much more glaringly inappropriate. Hall appended to this note a reproduction ' 
of the plate which is stated to have accompanied Conrad's paper of 1841 and on which is figured 
the hinge structure of Cypricardites. 

Was this plate really published in 1841 ? The general trend of the facts of the case and, 
especially, the peculiar circumstances that Hall in his work before 1859 makes no reference 
whatever to these illustrations, lend groimd to the suspicion that this plate was not really 
published before 1859. This suspicion is accentuated by Billings's remark ' that ''he [Conrad] 
did not give any illustrations.'' Again, as late as 1894, Ulrich ^ ^ays that in 1859 ''Hall repro- 
duced a sketch of the things that had been overlooked among the manuscript left by Conrad." 

The importance of determining whether or not a plate accompanied Conrad's work lies in 
the fact that if Cypricardites was illustrated, as is alleged, in 1841, then the genus Cypricardites 
is valid beyond question; whereas if the genus was not illustrated in the manner alleged, then 
the heterogeneity of the assemblage included by Conrad under Cypricardites and the absence 
of any genotype might leave room to argue against the assumption of priority for the name 
Cypricardites over that of any related group dissociated therefrom prior to 1859. 

Evidence that the plate was published in 1841 is given in the assertion by Hall,^ previously 
cited, that the figure of Cypricardites under discussion ''is copied from the original figure of 
Mr. Conrad accompanying his description of the genus in 1841. The plate upon which this 
occiu^ was engraved to accompany the annual report of 1841; but imfortimately only a small 
number were ever distributed, so far as known to the writer." The only other proof that any 
of these plates were ever "distributed" is given in a later statement by Hall,* in which he says: 

I [Hall] inferred that only a small number of the copies of the plate were published with the report [of Conrad, 
1S41]; but it may have been more extensively distributed than I supposed, for I have found five copies among my 
own volumes. 

The plate of illustrations certainly resembles the work of Conrad, but there is no reference 
to these illustrations in geologic literature prior to 1859, by Billings, Hall, or Conrad himself, 
or by Salter, McCoy, or other European paleontologists. Search among public and private 
libraries would clear this point, but such a stupendous task is not fundamentally necessary, 
chiefly because of the fact that, of the 16 species of Cypricardites described in 1841 by Conrad, 
(7. curtaf whether a figure was published or not, is the only one which really possesses the type of 
dentition mentioned by Conrad, the other 15 species being generically decidedly different shells. 

Since 1859 Cypricardites Conrad, 1841, Cyrtodonta Billings, 1853, and Palaearca Hall, 
1859, have been commonly regarded as indicating the same genus, the controversy being as to 
which name should be used. 

Salter^ regards Cypricardites Conrad as an illegitimate name and adopts Palaearca Hall 
in preference to Cyrtodonta. He retains this name in other works but is the only paleontologist 
who adopts it, the reason lying in his assumption that the genus Palaearca was founded in 1847, 
as stated by Hall, so that it would have priority over Cyrtodonta Billings, 1858. In the 
text above referred to (p. 546) Salter cites tlie genus Cyrtodonta Billings as having "appeared 
in 1848 beautifully illustrated," but as Palsearca was not published or even otherwise dissemi- 
nated until 1859, it must be abandoned. 

1 New York State Hus. Fifteenth Ann. Rept., pp. 102-193, 1862. 
> Idem, pi. 11. 

* Canadian Jour., Joly, 1861. 

* Paleontology of Minnesota, vol. 3, p. 635, ISM. 

ft New York State Mus. Twelfth Ann. Rept., p. 14, footnote. 1859. 

* New York State Miu. Fifteenth Ann. Rept., p. 192, 1862. 

7 iCem. Oeol. Survey Great Britain, vol. 3, p. 546; also see Bigsby, J. J., Thesaurus Siluricus, p. 139, 1868. 
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Cyrtodonta is used by Saflford/ who figiu^es several species, but otherwise in the United 
States Cypricardites Conrad has been used in preference to Cyrtodonta, largely because of the 
adoption of Conrad^s name by Hall and by Miller.* 

In 1884 shells of this type were for the first time certainly recognized in rocks higher than 
the Ordovician, when Beushausen' described three species from the Lower Devonian of the 
Harz Mountains imder the name Cyrtodonta — C, heyrichi Beushausen, (7. Jcayseri Beushausen, 
and C. dedivis (Roemer).* 

Beushausen, like the Canadian and British paleontologists, regards Cypricardites Conrad, 
1841, as less valid than Cyrtadonta Billings, 1858, chiefly because of the heterogeneity of the 
species included by Conrad in Cypricardites. In 1891 Freeh * adopted Cyrtodonta for the pame 
reason. He described and figured C. dedivis • (Roemer) and a new species, C. orbicularis , both 
from the Harz Eo-Devonian. Freeh • also described a new genus or subgenus, Cyrtodontopsis, 
for cyrtodontiform shells having five or six crenulated ^ cardinal teeth, of which the first and 
third in the right valve join above, forming an inverted V within which is the second tooth. 
The ligamental area is strongly striated. The genus is restricted to the Lower Devonian, three 
species being described from the Rhine district and one from the Harz Mountains. Freeh con- 
siders Cyrtodontopsis a subgenus of Gosseletia. 

Beiishausen ' recognized neither Cyrtodonta nor Cyrtodontopsis in the Rhenish Province. 

Ulrich,* working on the American Ordovician shells of the Cypricardites-Cyrtodonta group, 
was the first to suggest that Cypricardites Conrad might not be identical with Cyrtodonta Bil- 
lings, of which Palsearca Hall is a synonym. Ulrich called attention to the fact that in Cypri- 
cardites, according to Conrad, there are five cardinal teeth, whereas in all the Ordovician shells 
of this type which have been since examined and referred to Cyrtodonta or PalsBarca, the usual 
number is three. Two teeth are not uncommon, but four are very rare. According to Conrad, 
also, the anterior cardinal tooth is the '' largest and most prominent,'' but this is not the case 
in the Ordovician shells examined by Ulrich, nor in those figured by Hall as Palsearca or by 
Billings as Cyrtodonta. Moreover, the figure of Cypricardites credited to Conrad represents 
the cardinal teeth as radiating downward from the beak, whereas in all the shells of this type 
subsequently examined the teeth are subparallel and more nearly horizontal than vertical or 
radial 

Ulrich thus raises the question whether Conrad correctly described and illustrated the 
hinge of the genus Cypricardites ((7. curia Conrad); but in the absence of definite knowledge 
to the contrary it must be assimied for the present that Conrad's diagnosis is correct, and hence 
that Cypricardites represents a different type of shell from that called Cyrtodonta BiUings, 
1858 (Paleearca Hall, 1859). As all the Ordovician shells examined exhibit a type of structure 
conformable with that of Cyrtodonta, that name is applied to them. 

Ulrich makes it quite clear, however, that if Cypricardites carta Conrad is congeneric with 
Cyrtodonta, Conrad's name ought to have priority. That they may be congeneric is su^ested 
by Ulrich's proposed retention of Cypricardites Conrad for C. curia Conrad and incerix sedis 
of this type, and by the suspicion that Conrad's diagnosis and figure were incorrect. Ulrich 
seems to overlook the well-known variability in dentition of these schizodontic shells and the 

» Geology of Tennessee, p. 287, pis. e, f, 1860. 

s American Paleozoic fossils, 1877; North American geology and paleontology, 1889. 

» Beushausen, Louis, Beitrfige zur Kenntniss des Oberharur Splriferensandsteins und seiner Fauna: Abh. geol. Specialkarte von Preussen, 
etc., vol. 6, Heft 1, pp. 67 et seq., pi. 3, figs. 2-6. 

* Ludna dedlvU Roenler, C. F., Die Versteinerungen des Harsgeblrges, p. 25, pi. 6, fig. 19, 1843; Megolodon declivU D'Orblgny, Prodrome de 
pal^ntologle, vol. 1, p. 75; Pterinea dedivia Roemer, Beitrfige zur geologiscben Kenntniss des nortwestlichen Harzgebirges, pt. 3, p. 123, pi. is, 
fig. 5, 1855. 

» Freeh, F., Die devonisohen Aviculiden Deutschlands; ein Beitrag lur Systematlk und Stammgeschlchte der Zweischaler: Abh, geol. Special- 
karte von Preussen, etc., vol. 9, Heft 3, pp. 130 et seq., pi. 4, figs. 2, 3, 1891. 

« Idem, p. 125, pi. 13. 

' In the genotype, Chttektia {Cyrtodontopria) toyMH Freeh, the teeth are not crenulated; in O. (C) quarzUka Freeh they are crenulated. 
Of the four species of CyrtodontopBis described by Freeh these two are the only really cyrtodontiform shells. (See Drevermann, F., Die Fauna 
der Unter Coblen* Schichten von Oberstadtfeld bei Daun in der Eifel: Palaeontographica, vol. 49, pp. 84, 85, pi. 10, flgs. 4-9, 1902. 

■ Beushausen, Louis, Die LameUibranchiaten des rheinischen Devon mlt Ausschluss der Aviculiden: K. p/euss. geol. Landesanstall Abh., 
new ser., vol. 17, 1894. 

» Ulrich, E. O., The lower Silurian LameUlbranchlata of Mfamesota: Geology of Minnesota, vol. 3, pt. 2, Paleontology, pp. 634-636, June 16, 1M4. 
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consequent possibility that Conrad's diagnosis^ from a fortuitous specimen may illustrate a 
rarer type of tooth structure. This point is of greater importance than has hitherto been recog- 
nized and possibly involves the consideration which induced authors to regard Cypricardites as 
identical with Cyrtodonta or Palsearca, although from the descriptions given above it is evident 
that these genera are quite distinct. 

Drevermann,^ in 1902; gave some good illustrations showing variations in the dentition of 
shells referred to Cyrtodonta and Cyrtodontopsis. The latter genus Dreveimann affiliates with 
Cyrtodonta rather than with Gosseletia, where it had been placed by Freeh. Cyrtodontopsis, 
according to Drevermann, differs from Cyrtodonta (or, rather, from the German Eo-Devonian 
shells referred by authors to Cyrtodonta) in having an obUque outUne, and particularly in 
having all the teeth directed strongly backward, whereas in Cyrtodonta the front cardinal teeth 
are directed obUquely forward. Qn this distinction in the direction of the cardinal teeth Drever- 
mann includes in the genus Cyrtodonta a new species, Cyrtodonta dunensia, the first Cyrtodonta 
proper described from the Rhine province. This species, originally described by Drevermann 
from the Lower Coblenzian of Oberstadtfeld, near Daun, in the Eifel, has been recorded by the 
same author ^ as apparently occurring in the Siegen graywacke of Seif en, near Dierdorf , in the 
Westerwald. Drevermann shows that Modiomorpha fottmanni (Beushausen) is congeneric 
with Cyrtodontopsis Jcayseri Freeh and, as in that species, its teeth are not crenulated. 

The distinction between Cyrtodontopsis and Cyrtodonta indicated by Drevermann, that 
in Cyrtodontopsis the teeth are directed backward, whereas in Cyrtodonta the front cardinals 
are directed obUquely forward — can not hold, for, on accoimt of the variability in dentition of 
these schizodontic shells, it sometimes happens that the front cardinals are directed forward 
in Cyrtodontopsis, as in CfoUmanni (Beushausen),* and vice versa in Cyrtodonta. 

Of course the European Devonian shells referred to the genera Cyrtodontopsis and Cyrto- 
donta are all distinct from Cyrtodonta Billings in several important and interesting respects. 
In Cyrtodonta Billings (and, according to Ulrich, in all the Ordovician Cyrtoddnta-Cypricar- 
dites shells hitherto examined except Cypricardites carta Conrad), there are commonly only two 
cardinal teeth, sometimes three, rarely four; the teeth are directed backward, almost horizon- 
tally, and the forward teeth are the weakest. In the European Devonian shells, on the other 
hand, there are five cardinal teeth, rarely four, and conmionly six or seven; the teeth are obU- 
quely radial, and conunonly the front one or two cardinals are nearly horizontal, but if so are 
directed forward, and the front teeth are the strongest. 

It is of interest to note that these German Devonian shells are the only Devonian forms 
which really answer to the generic description of the Ordovician Cypricardites Conrad s. str., 
1841 (C. curia Conrad). As for the present, Conrad's description must be considered authentic 
and iUustrative of the real and normal dental structure of Cypricardites curta, it follows that 
the Eo-Devonian shells commonly referred to Cyrtodonta and Cyrtodontopsis are at least approxi- 
mately congeneric with Cypricardites. The name Cyrtodontopsis Freeh will have to be restricted 
to shells which have crenulated teeth. Those Ordovician sheUs which have the cardinal teeth 
horizontal, only three in number, and the strongest one not in front, and which have been 
commonly regarded by Hall, Miller, Billings, and others as identical with Cypricardites, Cyrto- 
donta, and PalsBarca, will have to be called Cyrtodonta Billings, of which Palsearca Hall is a 
synonym, but which is quite distinct from Cypricardites so far as is at present apparent or 
ascertainable. 

The genus Ptychodesma HaU and Whitfield* was founded upon P. Jcnappianum HaU and 
Whitfield, a Middle Devonian shell having the aspect of the more depressed-convex Cypricardites 
or Palfiearca types; but the nature of its hinge teeth is unknown, and it has what was regarded 
as a characteristic Ugamental structure. The escutcheon is very strongly pronounced, deepen- 

^ — ■ — ■ ' ^"^^^ 

> Drevermaim, F. , Die Fauna der Unter Coblenz Schichten von Oberstadtfeld bel Daun in der Eifel: Palaeontographica, vol. 49, pp. 84, 85, pi. 10, 
figs. 4-9. 1902. 

I Palaeontographica, vol. 50, p. 241. 1904. 

*See Drevermana, F., op. dt.. fig. 5. 

* HaU, James, and Whitfield, R. P., Description of new species of fossils from the vicinity of Louisville, Ky., and the Falls of the Ohio: New 
York State M us. Twenty-fourth Ann. Rept., pi. 12, figs. 1-6. 1875. 



154 FAUNA OF THE CHAPMAN SANDSTONE OF MAINE. 

ing and widening with the growth of the shell, and it is strongly striated or ridged longitudinally. 
The ligamental strise or ridges arch over the umbo and are straight posteriorly, but, instead of 
being parallel to the hinge line, are slightly inclined or oblique to it and parallel with the car- 
dinal margin. A similar ligament occurs in the late Silurian shells referred by Lindstrom ^ 
to ^^Ptychodesma" nUssoni Hisinger, a species from the later Silurian limestones at Djupvik, 
Ootland. The Gotland shells seem to differ from Ptychodesma in being apparently edentulous 
and in possessing an internal cartilage pit. The species is represented in England, according 
to Lindstrdm and McCoy, by ModioJat antiqua Sowerby and MytUus (Modiolopsis) gradatus 
Salter, from the Upper Ludlow. The occurrence of hinge teeth was noticed in 1885 by Hall,' 
who mentions the existence of *'two or more cardinal teeth.'' Nettelroth' repeats the descrip- 
tion of Ptychodesma given by Hall and Whitfield, but adds nothing new. Ulrich * places the 
genus Ptychodesma in the family Cyrtodontidae, regarding it as the last surviving member of the 
family. The real tooth structure in Ptychodesma was described and figured for the first time 
in 1900, when Kindle ' showed that there are two long posterior laterab near the posterior end 
of the hinge line and parallel to it; and, imder the umbones, there are ''about three" short 
oblique radial cardinal teeth. Kindle gave a good figure ^ of the interior of a silicified left 
valve showing four cardinal teeth and five sockets, indicating the existence of five cardinals in 
the right valve. The second and third cardinals in the left valve imite above, forming the 
inverted V (/\) which is so common in the German Eo-Devonian "Cyrtodonta'' and "Cyrto- 
dontopsis'' and which also, as in the German shells, incloses the third socket in the left valve, 
corresponding to the third or middle tooth of the right valve. Kindle's figures indicate that the 
ligamental characteristics noted by Hall and Whitfield are of less importance and constancy than 
had been previously supposed. There can be no doubt of the relationship of Ptychodesma 
to the Cyrtodontidae or the Cypricardites; indeed, P. Jcnappianum is remarkably similar to 
Oypricardiies curia in having four or five cardinal teeth, as described for Cypricardites by Conrad, 
and not six or seven; moreover, these teeth are radial, not horizontal, and the longest one is in 
front. Ptychodesma agrees more nearly with Cypricardites than do the German Eo-Devonian 
shells previously mentioned, and with present knowledge Ptychodesma must be considered a 
synonym of Cypricardites Conrad s. str. 

In conclusion it seems necessary, therefore, to restrict the term Cypricardites to such 
cyrtodontiform shells as are congeneric with C. curia Conrad, in having the cardinal teeth 
radial, not horizontal, and five in nimiber, sometimes six or seven, rarely four. The forward 
one or two are the stronger, and may be in some specimens horizontal, but if so are directed 
forward. In the Devonian members of this group (the shells usually called C3rrtodonta and 
Cyrtodontopsis by Beushausen, Freeh, and Drevermann, and Ptychodesma by HaU and Whit- 
field) the second or third cardinal tooth is usually inclosed in an inverted V or horseshoe-shaped 
loop formed by the imion dorsally of the cardinal tooth in front and behind. The teeth are 
variable in their development, even in the same species. 

The term Cyrtodontopsis Freeh will have to be restricted to those forms of Cypricardites 
which have crenulated teeth. Cyrtodonta Billings will be retained for shells differing from 
Cypricardites as here limited in having commonly only three cardinal teeth, frequently only 
two, rarely four. The teeth are directed backward, are horizontal or nearly so, and not essen- 
tially radial, and the front one or two are not the stronger. Palasarca HaU is a synonym. 

Vanuxemia Billings, which has frequently been confused with Cyrtodonta and Cypricardites, 
is a vertical Ambonychia-like or Megambonia-like shell. As no fossil has been found in the 
Maine faunas comparable with this type, I do not feel at liberty to enter here into any discus- 
sion of the genus. 

» Angelin, N. P., and Lindstrdm, O., Fragmenta sflurlca, p. 18, pi. 2, figs. 21-22; pi. 19, flgs. 5-6, 1880. 
« Hall, James, Paleontology of NeV York, vol. 6, pt. 1, pp. xxlx, 352, 1885. 

* Nettelroth, Henry, Kentucky fossil shells; a monograph of the fossil shells of the Silurian and Devonian rocks of Kentucky, pp. 201-202, pi. U, 
flgs. 13-18, 18S9. 

« Ulrich, E. O., Paleontology of Minnesota, vol. 3, pt. 2, pp. 486, 533, 1894. 

» Kindle, E. M., The Devonian fossils and stratigraphy of Indiana: Indiana Dept. of Geology and Nat. Res. Twenty-seventh Ann. Rept«, 
pp. 671-«72, pi. 15, flgs. 2-ac, 1901. 

• Idem, pi. 15, fig. 2c. 
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The Cypricardites-Cyrtodonta group are among the dommant fossils of the Ordovician 
in America and Europe, but are exceedingly rare, if, indeed, they have been recorded at all, 
in the Silurian. In the Lower Devonian they have already been indicated from the Rhenish 
and Hercynian strata. Modiomorpha seUowi Clarke,^ from the Devonian fauna of the Rio 
Maecuru, Para, Brazil, appears to be a member of this group, rather than of Modiomorpha. 
It is apparently congeneric with ^^ Modiomorpha^^ foUmanni (Beushausen). In the Middle 
Devonian no fossils of this group have hitherto been recorded, but Nyassa mbalaia Hall,' from 
the New York Hamilton, is very probably a member of the assemblage, for it is closely related 
to Cypricardites, particularly to the German Eo-Devonian fossils here referred to that genus, 
differing chiefly in having the cardinal teeth more numerous and more irregular. 

Finally, Ptychodesma Jcnappiav/um appears to be a typical Cypricardites. The species is 
from the Hamilton of New York and beds of similar age in Kentucky, Ohio, and Indiana. 

Hall' also describes PtycTiodesma nanum and P. minor j from the Upper Devonian, the 
former from the lower half of the Ithaca shale member of the Portage formation, the latter 
from the Cayuta shale member of the Chemung formation. In both of these species the den- 
tition is unknown; hence it can not be definitely stated that they belong to the group under 

discussion. 

CYPKiCARDrrEs DETRorrENSE sp. nov. 

Plate XXIII, figures 14, 15. 

Shell transversely oblique, equi valve; very inequilat^al. Rhombic, obliquely extended at 
an angle of about 35^ with the hinge line. Length (35 millimeters) very nearly one and one- 
half times the height (24 millimeters), widening posteriorly, so that the greatest height is at 
the posterior third, which is one and one-half times as high as the height of the shell under the 
beaks. Greatest length at or above the midheight. Umbones anterior but not terminal; 
situated between one-fourth and one-fifth the length from the front; prosogyrate. Cardinal 
line straight, very slightly ascending, equal in length to three-fourths the height of the shell. 
Cardinal extremity obtuse. Posterior margin strongly arcuate and evenly rounded, forming 
a semicircle as far as the ventral extremity at the midheight. Postventral region broadly 
roimded. Ventral margin roimded, with the lowest point at the posterior third or two-sevenths, 
whence the margin ascends forward into a depressed curve, causing a marked diminution of 
the height toward the front and causing the forward extremity of the shell to be opposite 
the upper third of the height. There is no ventral insinuation nor constriction. The ante- 
rior end is very short and narrow, evenly rounded. There is no discernible lunule in front 
of the beak. The shells are of moderate or depressed convexity. The depth of the single 
valve is 5 millimeters, approximately one-fifth the height or one-seventh the length. The 
point of greatest depth is at the upper third, two-fifths the length of the shell from the front, 
whence the surface dips into an evenly convex slope in all directions. The beaks are depressed 
convex, incurved, hardly protruding beyond the cardinal line. There is no umbonal ridge. 
There is evidence suggesting the presence of an external hgament in a long escutcheon, which 
appears to be striated, the striae arching over the region of the cardinal teeth, as ia Ptychodesma 
Jcnappianumf but not so strongly developed. There are two posterior long, narrow, linear 
laterals in each valve, those of the left valve being above those of the right. These teeth are 
more clearly discernible near the distal end of the hinge line, the portion just back of the um- 
bones appearing almost edentulous. The lower posterior lateral is a Uttle shorter than the 
upper one. Of cardinal teeth the only one preserved in the specimen at hand is one extending 
forward from the beak, almost horizontal and fairly strong, very similar to the anterior car- 
dinal of Cyrtodonta dunensis, from the Ix)wer Coblenzian faxma of Oberstadtfeld, near Daun, in 
the Eifel, figured by Drevermann.* Whether any other teeth are present can not be stated. 

1 Clarke, J. M., The Paleosoic fiiuiias of Para, Brazil; Devonian Mollosca: Mus. nac. Rio de Janeiro Arch., vol. 10, pi. 6, flgB. 14-16, 18£0 
(aothor's English ed., p. 51, 1900). 

I Hall, James, Paleontology of New York, vol. 6, pt. 1, p. 355, pi. 53, figs. 21-26, 1885. 

* Idem, pp. 353-354. 

« Palaeontographlca, vol. 49, pi. 10, fig. 7a, 1902. 
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Muscular scars and pallial line unknown. The surface appears to have been covered with 
obsolescent concentric striee of growth, or was very nearly smooth. A few distant, somewhat 
stronger striae of growth or varices are apparent. No concentric ridges or radial markings. 
Length of type and only specimen 35 millimeters, height 24 millimeters, depth of single valve 
5 miUimeters. 

The fossil is easily recognized among the collections by the characteristic cyrtodontiform 
outline. It is longer than high, and the length is less than twice the height. Shell widens 
posteriorly; anterior end narrow; ventral extremity at the posterior third; posterior margin 
semicircular; cardinal line straight, less than the height, and very slightly ascending; umbones 
between the anterior fourth and fifth; convexity moderate; strong ligamental groove; pos- 
terior laterals distant; surface smooth or tenuistriate, with a few distant varices. 

Locality: Moose River sandstone, Detroit, Somerset County, Maine (locality llOOA). Not 
in the Chapman fauna. 

U. S. National Museum, catalogue No. 59780. 

Comparisons. — This is one of the very few species in the Cypricardites group which lack 
the ventral insinuation below the beaks. The shell bears some relation to Ptychodesma Jcnap- 
planum Hall and Whitfield and has, hke that species, the peculiar arching of the strise of the 
ligamental groove over the region of the cardinal teeth. Cypricardites detroitense differs from 
the Ohio shell in having the anterior end much better developed, so that the beaks are not ter- 
minal. The front cardinal tooth is also more nearly horizontal rather than radial. Cypricar- 
dites detroitense is very closely related to ModiomorpTia seUowi Clarke, previously referred to, 
but the Maecuru shell is larger, more nearly quadrate in outline, has a much wider anterior end 
and a consequently less rapid widening posteriorly, and the umbo is- a trifle more protruding. 
Clarke ^ shows, just in front of the beak, a nearly horizontal line which has some resemblance 
to the linear front cardinal tooth in Cypricardites detroitense, 

SnperfamUy NUCULACEA DaU. 
Families rCTENODONTIDiC: Dail, NUCULIDif) Adams, and LEDIDJE Adams. 

The superfamily Nuculacea Dall ' constitutes a natural evolutional group whose begin- 
nings were in the early Paleozoic (the family " ? Ctenodontidse Dall"), and from later Paleozoic 
to recent times the group has been represented by the two famihes NucuUdse and LedidsB of 
Adams. Verrill and Bush ' group the Nucula^like shells in the two families LedidaB and Nucu- 
lid» and include the Paleozoic forms in a subfamily, Tindarina,* of the family Ledidae. These 
authors say of the family Ctenodontidse: 

Mr. Dall has proposed the family Otenodontidse to include the extinct genera above named [Palseoneilo, Nucu- 
litee] and others, but it is doubtful whether Ctenodonta itself belongs here. Zittel and others refer it to Arcidse. 

DaU * remarks that this statement expresses complete misconception of the arrangement 
proposed by him and states, further, that he includes none of the members of Tindarinae Verrill 
in his group "Family ?CtenodontidaB. " He continues: 

I have preferred to avoid attempting a revision of the Paleozoic genera, which comprise the beginning of so many 
groups and require for adequate comprehension a truly monographic treatment. 

Without proposing a solution of the difficulties in the case I present the following notes, 
brought together in the process of distributing the species here described into appropriate gen- 
eric groups, in the hope that they may be useful to those who may make a serious attempt to 
treat this group monographically. 

1 Clarke, J. M., op. clt., fig. 14. 

* Dall, W. H.y Tertiary mollusks or Florida, pt. 3— A new classification of the Pelecj-poda, etc.: Wagner Free Inst. 6ci. Trans., toI. 3, pt. 3» 
p. 515, 1895. 

* Verrill, A. E., and Bosh, K. J., Revision of the genera of Ledidse and Nuculidie of the Atlantic coast of the United States: Am. Jour. ScL, 
4th ser., vol. 3, p. 51, 1897. 

* Idem, p. 58. 

» Wagner Free Izist. Sci. Tnms., vol. 3, pt. 4, p. 583, 1898. 
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Considerable discussion has ariisen over the definition and proper application of the names 
Tellinomya Hall and Ctenodonta Salter, 1851, and to pave the way toward a proper generic 
classification some historical notice of these names becomes necessary. 

The genus Tellinomya was fomided by Hall^ in 1847 with the following diagnosis: 

Equlvalve, inequilateral , somewhat compreesed below but becoming gibbous at the umbohes; umbones not angu- 
lar; outline of the ^ell curved, without angular ridges; shell thin, closely laminated; hinge without visible teeth 
crenulations: muscular impressions two in each valve, near the dorsal maigin; often apparently gaping at the pos- 
terior extremity. Type, T. nasuta. 

Continuing, Hall emphasized the difficulty of elucidating the real generic or hinge characters 
in such poorly and imperfectly preserved Paleozoic shells. He pointed out that some of these 
shells have, however, a characteristic form, saying: 

I am well aware of the difficulty, not to say. impossibility, of properly characterizing a genus where the specimens 
are in the condition of these ancient fossils; and therefore general external form and the structure of the shell must be 
allowed some weight. In the present instance the form of the shell and some other characters in the typical series 
are so widely different that they can not fail to attract attention. 

At the twenty-first meeting of the British Association fqr the Advancement of Science, 
held at Ipswich in July, 1851, Logan ' read a paper "On the age of the copper-bearing rocks of 
Lakes Superior and Huron, and various facts relating to the physical structmre of Canada. " To 
this paper, as published, Salter' added as an appendix a " Note on the fossils above men- 
tioned, from the Ottawa River. " The fossils referred to are from the Trenton limestone at the 
southeast end of Allumette Island, on Ottawa River. Salter says: 

Among bivalve shells, which chiefly belong to the Arcaddce, a very interesting new genus has rewarded exami- 
nation. It was found that two species resembling Nucula in every general character differed from it importantly by 
having no internal ligament, but a very manifest exterior one.^ One of these shells measures 3 inches acroas, and from 
the general analogy of several accompanying species it is believed that the genus will be found common in the Silu- 
rian rocks and will include many species now referred to Nucula. It might be called Ctenodonta. 

No species are named, nor is any reference made to Nuculites Conrad or to Tellinomya Hall. 

In 1856 Hall * noted the finding of good specimens, preserving the hinge, of six species of 
Tellinomya, mostly from the Trenton limestone of Ottawa River, and pointed out the error in 
Ids description of the hinge in 1847, which was drawn up from imperfect material. The hinge, 
according to Hall's later description, shows a series of numerous small teeth or crenulations as 
in Nucula, but the teeth are continuous and not interrupted by a cartilage pit, the ligament 
being external. Hall, in this paper, abandons the earlier restriction of Tellinomya to the char- 
acteristic form typified by the T, Tidsuta group and expands it to include all the Paleozoic shells 
with nuculoid dentition which differ from Nucula in lacking the cartilage pit, from Nuculites 
Conrad and Cuculella McCoy in lacking the muscular clavicle or septum, and from Isoarca Miin- 
ster in not having the umbones spirally enrolled. Tellinomya as thus expanded is coextensive 
with Salter's Ctenodonta; Hall, in fact, mentions Ctenodonta Salter but does not give it any 
rank. He states that the type species of Tellinomya Hall, 1847, 71 nasuta, has a hinge identical 
with that proposed as characteristic of Ctenodonta Salter, 1851, and that the type species of 
Salter, as ascertained by Hall, is closely allied specifically to TeUinomya nasuta Hall. 

In S. P. Woodward's manual of the MoUusca, first edition, Ctenodonta is given as a syno- 
nym of Isoarca Munster. 

In the first edition of Mm-chison's Siluria (1854) Salter does not mention Ctenodonta, but 
uses Nucula for the Paleozoic taxodonts. 

In 1859 Salter • for the first time described and illustrated the material on which he founded 
his genus Ctenodonta. He stated,^ with reference to Ctenodonta: 

I was not aware, when I proposed the above generic tenn for a group of Paleozoic Nuculfie, that the principal 
flpeciee had been previously published under the name of Tellinomya by HaJl * * * and if the name (Tellinomya) 
did not convey an entirely erroneous view of the affinities, I should be glad to restore it. 

1 Hall, James, Paleontology of New York, vol. 1, p. 151, 1847. 

s Logan, W. £., British Assoc. Adv. Sci. Twenty-first Meettng, Trans. Sections, pp. 5MS2, 1852. 

s Salter, J. W., Idem, pp. (»-05. 

* Mr. S. P. Woodward, of the British Museum, suggests that Solenella may contain these sjiecies. 
B Hall, James, Canadian Naturalist and Geologist, vol. 1, pp. 390-395, December, 1856. 

• Murchison, R. I., Siluria, 3d ed., pp. 213, 850, 1859. 

f Salter, J. W., Figures and descriptions of Canadian organic remains, decade 1, p. 34, 1850. 
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Salter gives, as an additional reason for retaining Ctenodonta Salter, 1851, in preference 
to Tellinomya Hall, 1847, the fact that the essential feature of the shells, the ligament and 
hinge teeth, was overlooked and misrepresented in Hall's original diagnosis of Tellinomya in 
1847. However, Salter does not mention in this connection the fact that not a single species 
of Ctenodonta had been described or figured or really known to anyone except Salter himself 
prior to 1859, whereas Tellinomya was sufficiently corrected and revised and well figured and 
described by Hall in 1856. 

The CtenodoTvta logani of Salter, which had appeared by name without specific description 
or illustration in Woodward's '^Manual,'' and which was regarded as the type of Ctenodonta, 
was shown by Hall and by Salter to be identical with Tellinomya ndsvia Hall. A new compli- 
cation thus arose, both Tellinomya and Ctenodonta being founded on the same species, as 
Salter fully admitted. Salter described, in addition to Ctenodonta na^svta, two closely allied 
species — C. logani Salter, 1859 olim (T. dvbia Hall, pars), and C. contra.da Salter — as well as 
two other species — C. gibberula (genus Glyptarca Beushausen, s. str.) and C. astartsrformis 
(genus Ctenodonta Salter, emend, s. str.). 

The principal arguments against the use of Tellinomya are these: (1) The name Telli- 
nomya proposed by Hall in 1847 may be regarded as preoccupied, having been suggested by 
Agassiz in 1846 as the corrected orthography of Tellimya Brown, 1827. (2) The description 
of the genus Tellinomya Hall, 1847, was imperfect and misleading with regard to the essential 
feature, the hinge characters. (3) The name conveys a suggestion of relationship which is 
erroneous when the hinge is considered. 

The name Ctenodonta, however, was proposed in 1851 (published 1852), over four years 
later than the publication of Tellinomya Hall, 1847. Moreover, if the description of Tellinomya 
Hall, 1847, is regarded as invalid, the fact still remains that Tellinomya was completely 
described and illustrated by Hall in 1856, whereas not a single species of Ctenodonta was 
known by name or specifically referable to Ctenodonta before 1859, except the nude specific 
name Ctenodonta loganij which appeared in Woodward's '^Manual.'' Again, the type species 
of Ctenodonta, C. logani Salter, is identical with the type species of Tellinomya, and Salter 
himself united his types with Hall's species Tellinomya nasuta and accepted Hall's specific 
name, but refused to accept Hall's generic name Tellinomya, calling his shells Ctenodonta nasvta 
(HaU). 

As will be more fully shown, both Tellinomya and Ctenodonta ought to be retained. The 
principal argimient against the name Tellinomya Hall is, of course, its supposed preoccupancy. 
The genus Tellimya was founded by Brown in 1827 for some different bivalve shells. In 1846 
Agassiz undertook in his ''Nomenclator zoologicus" to correct the name to Tellinomya on the 
assumption that, based on Tellina and Mya, the spelling Tellimya was improper, Tellinomya 
being the correct form. Agassiz did not propose a new genus or a new generic name, but 
merely corrected the orthography of Tellimya Brown. I am not aware of any definite rule on 
this point, but modem usage among biologists appears to tend to the preservation of the original 
orthography of a generic name, provided, of course, the name is Latin or latinized. It is 
obvious that endless confusion would result if each biologist were allowed to alter a name 
according to what he thought to be the proper orthography. Imagine the chaos, to put it 
mildly, if the same organism might be called Arthroacantha, Arthroacanthia, Arthroacanthus, 
Arthracantha, Arthrocanthus, or Arthracanthus, according to different persons' ideas of correct 
orthography; or take Aviculopecten, Aviculipecten, Aviculapecten, Aviculsepecten; or Pachy- 
risma, Pachyorisma, Pachyerisma; or Paleoneilo, Palaeoneilo, Palaeaneilo, Paleaneilo; or 
Tellimya, Tellomya, Tellinamya, Tellinsemya, Tellinomya, Tellinimya; or, finally, suppose the 
individual caprice for correct orthography should cause someone to change a commonly accepted 
name like Allorisma to Allerisma, at the same time stating that Alloeerisma is really the proper 
form but is ''unbeautiful and impractical!" Manifestly Tellimya Brown, 1827, even if 
derived from Tellina and Mya, is as beautiful and, it might even be argued, technically as 
correct as Tellinomya Agassiz, 1846; moreover, it has the further advantage of being brief and 
practical, in addition to being the original name. Besides, not having seen Brown's work and 
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not actually knowing that Brown really did form Tellimya from Tellina and Mya, I might 
argue, as do Miller and Faber,^ that Tellunya might have been derived from the Greek word 
zeUuu and Mya, meaning '*dawn of Mya," or possibly Brown may have prefixed to Mya the 
name of a man called TeU, producing a name analogous with Barrandeoceras, Agassizodus, 
Collettosaurus, Millericrinus, and Worthenopora. Agassiz's work, being merely a nondescrip- 
tive catalogue, has no effect in fixing priority in nomenclature, and as a matter of fact his 
name Tellinomya has never been used by conchologists. Fischer in his ' 'Manual" considers 
Tellunya a synonym of Montacuta, but more recently Brown's genus has been separated, and 
modem authors^ use the word Tellimya in its original form. Tellinomya Agassiz, 1846, must 
therefore be expunged from nomenclature as a dead word, and the argument that its use causes 
Tellinomya Hall, 1847, to be preoccupied therefore falls to the ground. 

The second argument against Tellinomya is that the description of Tellinomya in 1847 
was imperfect and misleading with regard to the essential hinge features; but the genus was 
fully redescribed and corrected (and incidentally expanded by Hall) in 1856. Even without this 
redefinition the peculiar form of the nasvia group, which* was characterized as being diagnostic 
of the genus, is sufficiently pronounced to permit Tellinomya to stand on external features. 

The third argument against Tellinomya, that the name conveys an erroneous suggestion of 
the affinities of the fossil, even if true, would have no value according to modem usage. As a 
matter of fact, however, the genus Tellinomya ought to be retiuned to its original limits to 
include only the T, nasuta group, and for this group the name is eminently fitting in that the 
form reaUy does recall Tellina and Mya. 

The name Ctenodonta in the strict sense would be a synonym of Tellinomya, but in the 
expanded usage of Ctenodonta adopted by Salter and other authors various heterogeneric 
species were included. The first of these species described and figured, Ctenodonta dstartaefonnis 
Salter, is readily separable from TeUinomya nasuta and its allies and is capable of standing as a 
nucleus of a separate genus. 

Expansion of Tellinomya or Ctenodonta to include under one name or the other all the 
Paleozoic and early Mesozoic nuculoids devoid of cartilage pit seems inappropriate, for if all 
these shells are to be included under one generic name the earlier and well-known name Isoarca 
Munster, 1842, might be adopted as was done in Woodward's "Manual," and more recently by 
Tate.' Indeed, the still earlier name Nuculites Conrad, 1841, might be adopted, for Conrad 
recognized the importance in these nuculoid shells of the absence of a cartilage pit and the unin- 
terrupted continuation of the teeth beneath the beaks. 

The species of Nuculacea discovered in the Chapman f aima are placed in the following genera : 
Cleidophorus Hall, Myoplusia Neumayr, Tellinites McCoy, and Paleoneilo Hall. 

aenuB CLEIDOFHOBTJS HaU. 

The genus Cleidophorus was founded by Hall * in 1847 for Nuculites planulata Conrad, of 
the Upper Ordovician. The genus was supposed to be characterized, like Conrad's genus 
Nuculites, by the development of a persistent, conspicuous, anterior muscular septum, but 
Hall did not observe any hinge crenulations. However, in all the shells of this type where the 
hinge structure has been observed the hinge is taxoddntic, as in Nucuhtes. The generic name 
CucuUella was appUed by McCoy ^ four years later for the same group of shells as represented 
in Great Britain, where the hinge crenulations were observed. 

Specimens of CleidopJiorus planulatus (Conrad) are rather uncommon, so that taxodontic 
dentition in this species can not be absolutely demonstrated. The strongest evidence in favor 
of assuming taxodontic dentition in the type species of Cleidophorus is the fact that the species 

» Maier, 8. A., and Faber, C. L., Cincbinati 9oc. Nat. Hist. Jour., vol. 17, pp. 149-151, 1894. 

> The eminent British conchologist, E. A. Smith (On a coUection of marine shells from Port Alfred, CaiM Colony: Joor. Malacology, vol. 11, 
p. 41, London, 1904), describes and figures a biv^ve shell as TeUimya iimilis. 

* Tate, Ralph, Fossils of the Larapintine series (Ordovician): Report on the work of the Horn scientific expedition to central Australia, vol. 3, 
Geology and botany, pp. 97-116, 3 pis., London and Melbourne, March. 1896. 

« Hall, James, Paleontology of New York, vol. 1, p. 300, 1847. 

» MoC^, Frederick, Annals and Mag. Nat. Hist., ad ser., vol. 7, p. 50, 1851. 
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was included in the taxodont genus Nuculites by Conrad in his original diagnosis in 1841, and 
the other eight of the nine species of ^* Nuculites'* there described by Conrad are taxodontic. 
In the second place, as has already been pointed out, whenever the hinge of similar Paleozoic 
shells has been exposed to view it has revealed a taxodontic dentition. In this connection 
it may be noted that the taxodont TeUinomya was hkewise originally described by Hall (in 
the same work in which Cleidophorus was described) as being devoid of hinge crenulations. 
I The taxodont Cucullella therefore appears to be strictly synonymous with the imperfectly 
described Cleidophorus, but comparison of the shells of the group of Cleidophorus fianuUUus 
with typical Nuculites triqueter shows a ready and important distinction. In Nuculites triqueter 
and several other species, to which the name Nuculites ought to be restricted, there is a weD- 
developed posterior ridge which seems to have been associated with a well-developed siphon 
or anal tube in the animal. This signijScance of the posterior ridge is su^ested by the fact 
that some specimens of Nuculites triqueter Conrad and the similar Silurian N. coarctata Phillips 
become emarginate, as in Paleoneilo, Koenenia, and Tellinites (TelUnopsis). In the typical 
Ordovician and Silurian, as well as in most Devonian forms to which the name Cleidophorus 
ought to be applied, the surface is smoothly oval without trace of any definable postumbonal 
ridge. If I am correct, in associating the development of a postumbonal ridge in Nuculites 
s. str. with the occurrence of a well-developed siphon or anal tube, then the persistent absence 
of such a ridge in a large number of widely distributed species deserves some notice; and for 
such oval forms devoid of postumbonal ridge the name Cleidophorus Hall may well be retained. 

Cleidophorus curtus sp. nov. 

Plate XIX, figure 1. 

Small, moderately convex shells of transversely ovate outline, widest in front, tapering 
behind. Proportion of height to length, 7:10. Greatest height at the midlength or just in 
front; greatest length at the inferior two-fifths. Beaks inconspicuous, not protruding above 
the hinge line; situated at the anterior two-fifths or third; slightly prosogyrate, nearly vertical. 
The anterior end is high and symmetrically roimded, with the forward extremity at the mid- 
height rounding into the ventral margin, which is symmetrically beUied down; ventral extremity 
at the midlength. The postventral ''angle" is rounded, obscurely discernible; between this 
and a distinct hinge extremity is demarcated a posterior margin which is retrorse and equal 
in length to half the height of the shell. The posterior extremity is just above the postventral 
''angle," at the inferior third of the height of the shell. The hinge extremity is obtusely sub- 
angular. The hinge line is declining, faintly convex, nearly straight, and shghtly longer than 
half the height of the shell. The valves are evenly roimded throughout except that below the 
hinge line the surface is more nearly plane, though highly inclined. The point of maximum 
depth is a trifle above the middle of the shell. There is neither a postumbonsJ nor a preumbonal 
ridge, nor any trace of the posterior sinus. The depth of the single valve is equal to a little 
more than one-fourth, perhaps one-third the height. Ligament and teeth unknown. Muscular 
scars moderately impressed, each strongly deUneated on its umbonal side by a curved septal 
ridge. The septum bounding the anterior scar extends from a point immediately in front of 
the umbo downward and forward about to the midKeight. The posterior septum is blunter 
and more oblique than that bounding the anterior scar. The muscular scars are of about equal 
size and their distal margins are indistinct. No umbonal scars were observed. Pallial line 
not observed. Shell thin, except where thickened on the interior by the septal ridges. 

The internal mold is smooth, and fragments of the surface also appear smooth, disclosing 
under a hand magnifier, however, extremely fine, tenuous lines of growth. Length 10 milli- 
meters, width 7 millimeters. 

Locality: The type and only specimen is a left valve from the Chapman sandstone of 
Edmunds HiU, Chapman Township, Aroostook County, Maine. 

U. S. National Museum, catalogue No. 59768. 

The species is distinguished from the other Qeidophori by the occurrence of two muscular 
septa, the nearly central position of the beaks, the subangular hinge extremity, and the high 



MOLLUSC A. 161 

form, the height being equal to seven-tenths the length. The posterior margin is nearly equal 
to the length of the hinge line. 

Comparisons. — ^The fossil has almost precisely the size, shape, and outline of Nucula 
(Nuculites s. str.) coarctata PhilUps,^ but Phillips's species has a well-developed posterior ridge 
(sometimes accompanied, as in a few rare specimens of Nuculites triqueter, by an emargination 
and sinus), which places it in the genus Nucuhtes. N, coardaia also lacks the posterior septum. 

CleidopTiorus curtus also resembles the short forms of the Neo-Ordovician Cleidophorus 
{Nuculites) negledus Hall figured by Ulrich,' but the latter are distinguished by having the 
muscular septum longer and vertical, and by having a faint postumbonal ridge. 

Cleidophoeus perovalis sp. nov. 

Plate XXV, figures 2, 10. 

A second species of Cleidophorus is represented in the Chapman collections by a couple 
of specimens from Edmimds Hill (locality 1099 M). The form is of the smoothly roimded, 
subsymmetrically oval type of Cleidophorus characteristic of most of the Ordovician, Silurian, 
and early Devonian species of the genus. Outline transversely oval, margin neariy symmet- 
rically roimded; proportion of height to length, 3 :5. Greatest height at the midlength; greatest 
length at the midheight. Umbones inconspicuous, small, depressed to the hinge line; directed 
forward, and situated at the anterior fourth of the length. Anterior end short, though fairly 
high; forward extremity at the midheight, the margin rounding into the ventral margin, which 
is a symmetrical, strongly belhed-down arch, ascending markedly to the ill-defined respiratory 
(postventral) angle. The posterior mai^in is similar to the anterior, and rounds into the hinge 
line, which is gently convex, horizontal to a point just back of the midlength of the shell, thence 
descending and rounding into the posterior margin. The dorsal and ventral extremities are 
both at the midlength. The surface is smoothly and evenly rounded throughout, except near 
the postdorsal region, where there is a narrow, somewhat flattened strip. The shell is of mod- 
erate convexity, and the depth of the single valve is equal to about one-fourth its height. The 
point of greatest depth is at the anterior two-fifths of the length and at, or only shghtly above, 
the midheight. Ligamental structure and teeth unknown. Muscular scars not impressed. 
There is no posterior muscular septum or ridge. The anterior septum is very narrow and thin; 
from a point immediately in front of the umbo it extends downward, slightly backward from 
the vertical, to the inferior third of the height of the shell. 

The sculpture casts are nearly smooth, but show very faint tenuistriate lines of growth. 
The type specimen, a right valve, has a length of 21 naillimeters, a height of 12.75 miUimeters, 
and a depth of 3 millimeters. A second fragment, vertically compressed, is 22 milUmeters 
long and 12.5 millimeters high. 

LocaUty: Chapman sandstone, west side of Edmunds Hill, (?hapman Township, Aroostook 
County, Maine. 

U. S. National Museum, catalogue No. 59769. 

Comparisoftff — ^The species closely resembles the large uniseptate species of Cleidophorus 
described and figured by Beushausen ' as CucuUella elliptica Maurer, but is more symmetrical, 
tapers less posteriorly, and, unhke the German shell, which is described as being strongly 
inflated, is only moderately convex. 

Nuculites hranneri Clarke,* from the BraziUan Lower Coblenzian fauna of Rio Maecuru, 
is somewhat similar, but has more protuberant and conspicuous umbones, a lower anterior end, 
and the dorsal margin more rapidly descending from the beaks, with the uppermost extremity 
of the shell in advance of the midlength. 



1 Oeol. Survey Great Britain Mem., vol. 2, pt. 1, p. 366, pi. 22, figs. 2, 3 (not figs. 1, 4), 1848; British Upper Ludlow-Downtonian sandstones 
of Freshwater Bay. 

> Geology of Minnesota, vol. 3, pt. 2 (Paleontology), pi,, figs. 20-23 (not fig. 25, which represents the elongate form), 1894. 

I Beushausen, Louis, Die Lamellibranchiaten des rheinischen Devon: K. preuss. geol. Landesanstalt Abh., new ser., vol. 17, p. 104, pi. 5 (pars), 
flgs. 9, 10, 11 (not figs. 12-15), 1895. Lower Coblenzian of Nellenkopfchen, Rhenish Prussia. 

« Clarice, J. M., The Paleozoic faunas of Para, Brazil, pt. 2, Devonian MoUusca: Mus. nac. Rio de Janeiro Arch., vol. 10, pi. 8, figs. 6-8, 1899 
(author's English ed., p. 73, 1900). 

50245°— No. 8^—16 U 
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The Silurian Cleidophorus brasilianus Clarke * is also similar, but has more protruding 
umbones, and tapers more posteriorly. 

Cleidophorus perovalis sp. nov. is very similar to the transversely oval Ordovician shell 
figured and described by Ulrich * as Cleidophorus neglectus Hall, but differs from the Ordovician 
species in having a proportionately greater height and in being more gibbous. 

Qenus MYOPLUSIA Neuznayr, 1883. 

The ctenodontoid shells to which Neumayr apphed the generic name Myoplusia are trans- 
versely elongated, with a high but short rounded anterior end and a lower, more elongated, and 
tapering posterior end; beaks directed forward; outline entire, not emarginate; without pos- 
terior surface sinus and ridge. 

Myoplusia was actually founded on the character of the muscular scars, but the name 
may be apphed, pending a thorough revision of these Paleozoic shells, to the type of outline 
described above. This outline is typically expressed in '^PdUoneilo^^ sulcaHna (Conrad)' and 
similar nonemai^inate shells. Myoplusia appears to be most nearly related to the transversely 
elongate Paleoneilos of the '•* 'Ctenodonta' daUeidense Beushausen group.'' These transversely 
elongated Paleoneilos have essentially the outUne of Myoplusia described above, but have a 
more or less faint sinus or emargination postventrally. In some specimens of a few such species 
of Paleoneilo the postventral emargination becomes obsolescent, and such specimens appear to 
conform with Myoplusia. Myoplusia, however, represents persistently nohemarginate shells/ 

Myoplusia chapmani sp. nov. 

Plate XXV. figure 7. 

A small, incomplete, fractured specimen of a Myoplusia occurs in the Chapman sandstone 
on Presque Isle Stream. The shell does not appear to belong to any known species. Because 
of the imperfection of the type specimen it is with reluctance that I apply to it a specific name. 
Length, 10 milUmeters; height, 6^ miUimeters. Greatest length at about the midheight; 
greatest height in front of the middle. Beaks slightly protruding, prosogyrate, situated at the 
anterior fifth or sixth. Anterior end short but fairly high. A faint lunule is developed in 
front of the beaks, where the anterior margin is abruptly curved downward, rounding into 
the strongly arched ventral margin. Ventral extremity at the midlength. Posterior end 
tapering, elUptically rounded; no definable postventral extremity nor hinge extremity nor 
posterior margin. Hinge hne gently convex, ascending from the rear to the umbones, with 
the highest point at the anterior fourth. Shell strongly convex; inflated below the umbones, 
which are incurved to the hinge hne. The sm^ace is evenly rounded, except for the concave 
lunule in front of the beaks. The depth of the single valve is equal to about half the height; 
the point of greatest depth is situated near the midheight, a trifle in advance of the middle. 
Hinge imknown. Muscular scars not impressed. 

To judge from the internal mold, which is in part a faint *' sculpture cast/* the shell may 
have been marked with tenuistriate lines of growth, or nearly smooth. 

Locahty : Chapman sandstone, Presque Isle Stream, at the end of the Tweedy road (locaUty 
1099 A), Chapman Township, Aroostook County, Maine. 

U. S. National Museiun, catalogue No. 69770. 

Comparisons. — The species closely resembles ^^ Ctenodonta^^ Tcrotonis Roemer as figured by 
Beushausen,^ but the German species is lower and has the muscular scars more strongly 
impressed. 

1 Clarke, J. M., The Paleosofc faunas of Para, Brazil, pt. 1, The SQurlan faunas of the Rio Trombetas: Mus. nac. Rio de Janeiro Arch., voL 10, 
p. 18, pi. 2, figs. 17-19, 1899 (author's English ed., 1900). 

> XTlricb, E. O., The Lower Sflurian Lamellibranchiata of Minnesota: Geology of Minnesota, vol. 2, pt. 2 (Paleontology), p. 607, pi. 42, fig. 25 
(not figs. 20-24) 1894, «Nucula beds" of the Maquoketa shale, Oraf, Iowa. 

* See Paleontology of New York, vol. 5, pt. 1, p. 347, pi. 50, figs. 42, 44>46 (not fig. 43, which is a Paleoneilo of the P. truneata type), 1885. 

4 Beushausen, Louis, Die Lamellibranchiaten des Rheinischen Devon: K. preuss. geol. Landeaanstalt Abh., new ser., vol. 17, p. 72, pl.5» 
figs. 24, 25, 1895; Wissenbach shales (lower Meso-Devonian). 
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'' Ctenodonta" primaeva (Steininger),^ which also possesses the Myoplusia outline^^is a much 
larger shell and has a shallower ventral margin. 

In size and outline Myoplusia chapmani approaches most closely a little Coblenzian speci- 
men identified by Beushausen^ with OleidopTiorus eUipiicus (Maurer). 

OenuB TBLUNXTES McCoy (KOENENIA BeuahauBen). 

Koenenia s. str.: Beaks decidedly prosogjrrate and usually situated well forward. A 
single posterior sinus is well developed and is commonly marked on one or both sides by a 
strong fold. Occurs in the Devonian and Carboniferous of Eiux)pe and America. The sub- 
group Bicrenula nov. is like Koenenia, but the surface strisB on the posterior slope form two 
neat reentrant arches. Types: Paleoneilo bisulcata Hall and P. angusta Hall, from the 
Chemung formation, New York; P. muricaia Clarke, from the lower part of the Portage 
C'Nunda") formation. New York. 

Tellinites s. str.: Umbones .subcentral or central, directed vertically or only sHghtly 
prosogyrate; posterior sinus shallow, developed more or less faintly and variably, and accom- 
panied in some specimens by one or two rounded obsolescent radial folds. Ordovician (Bo- 
hemia), Silurian (Great Britain), Eo-Devonian (Europe, South Africa, South America, and 
North America), and Meso-Devonian (North and South America). 

Tellinopsis Hall: Like Tellinites McCoy, but showing traces of a forward sinus also. 
T. subemarginaius (Conrad), Hamilton faima, New York. 

The above represent the principal subgroups under Tellinites. Each is capable of sub- 
division. 

As the old term Paleoneilo Hall, formerly appUed to these and similar shells, manifestly like 
Tellinomya, requires restriction, it has been deemed proper to restrict Paleoneilo to the forms 
closely resembling the genotype, P. constricta (Conrad). Hall included in Paleoneilo shells 
which ought to be separated chiefly into the groups of Verrillella, Koenenia, Tellinites, Myo- 
plusia, and Tellinomya. 

The genus Tellinites was founded in 1851 by McCoy' for T. affinis McCoy, from the Upper 
Ludlow of Kendal, Westmoreland. The pecuUar outline was the essential characteristic of 
the genus, the hinge line being unknown. From their characteristic outline and evident simi- 
larity to ^^ CtenodorUa^* eUgans Maurer, ^^Palxoneilo^^ perplana Hall, ^^Pdheoneilo'^ virginica 
HaU, etc., which are known to be taxodontic, it may reasonably be assumed that Tellinites 
McCoy and Tellinopsis Hall, are taxodontic, and the name Tellinites McCoy may be applied 
to the group under discussion. 

TeUinites affinis McCoy and T, elegans (Maurer), with the two Chapman species here de- 
scribed, T. chapmani and T. curia, form with their transverse rounded outline and faint sinus a 
well-marked group easily distinguishable from the more quadrate Tellinopsis Hall, which has 
a stronger sinus and fold. In Tellinopsis subemarginata also there is, occasionally, an anterior 
emargination, suggesting a well-developed anterior siphon. T. gibhosa Goldfuss, T, unioni- 
formis Sandberger, T. orbignyi Clarke, and some of the Chapman shells present a closer analogy 
with Tellinopsis than with typical Tellinites; and the Paleoneilo sulcata of Hartt and Rathbun 
represents a type intermediate between these and typical Koenenia. The various groups in 
Tellinites senso lato seem to grade into one another, or at least they appear to be connected 
by several intermediate types. 

Tellinftes chapmani sp. nov. 

Plate XIX, fig:iire 6. 

This name is applied to a typical Tellinites of the group of the Upper Ludlow T. affinis 
McCoy, the genotype of Tellinites. 

Height, 0.57 the length in the type specimen; greatest height at the midlength; greatest 
length below the middle, near the inferior third or two-fifths. Umbones broad; vertical, or 

1 Beoshaasen, Louis, Die LamelUbranchlaten des Rhelnlsohen Devon: K. preiw. geol. Landesantalt Abh., new ser., vol. 17, p. 72, pi. 
5, fig. 13. Wisaenbach shales (lower Meso-DevonJan). 

I Idem, pi. 6, figs. 28-30. 

s UcCoy, Frederick, Annals and Mag. Nat. Hist., 2d ser., vol. 7, p. 51, 1851. See also Sedgwick, Adam, and McCoy, Frederick, British Paleozoic 
rocks and fossils, p. 286, pi. If, fig. 31, 1852. 
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extremely faintly prosogyrate; not protruding above the hinge; situated only slightly in advance 
of the midlength, at the anterior 0.45. Anterior end large; as high and nearly but not quite as 
long as the posterior end. The margin of the anterior end of the shell makes a deep, symmetri- 
cal paraboloid arch, with the forward extremity at the midheight. Ventral margin shallow, 
nearly straight, constricted in the middle by the undefiried sinus; thence strongly ascending to 
the rounded postventral angle. The posterior margin is retrorse, slightly arcuate, and devoid 
of insinuation; it is equal in length to two-thirds the height of the shell. The hinge extremity 
is obtusely subangular. The hinge line is depressed-convex, nearly straight; it descends to the 
rear, and is only slightly longer than the posterior maigin. The shell is moderately ventricose; 
the body of the valve is broadly inflated below the imibones. The greatest depth is equal to 
a Uttle over one-third the height in each valve. The point of maximum depth is situated near 
the midheight at the upper third of the height. There is discernible on the surface in our 
specimens an exceedingly faint radial sinus or flattening extending below the umbones at a 
very small angle backward from the vertical. In front of the r^on of the post-umbonal ridge 
is a second obsolescent flattening, narrower and much fainter than the first and extending back- 
ward at an angle of approximately 45®. The mnbonal ridge is undefined; the posterior slope 
is very steep, and devoid of insinuation. Ligament and dentition unknown. Muscular scars 
not impressed on the shell, and not discernible on the specimen which is a clean internal mold. 
Shell decidedly thin, almost papery. 

The surface ornamentation consists of very fine concentric lines and striae of growth, inter- 
rupted about every millimeter, more or less, by a little stronger stria of "growth'' (rest), pro- 
ducing faint little concentric undulations. These are developed a Uttle more prominently on 
the forward part. The type specimen, a single right valve in clean internal mold, is 37 milli- 
meters long, 21 millimeters high, and 7.5 millimeters deep. 

The distinguishing features of this shell are the broadly oval form, with height less than 
three-fifths the length; beaks nearly central (at the anterior 0.45), broad, vertical, incurved 
to the hinge line; anterior end as high and nearly as long as the posterior end; ventral margin 
shallowly convex, constricted near the middle; posterior margin well defined and devoid of 
insinuation; shell moderately ventricose and apparently devoid of surface sinus, except that a 
faint flattening extends nearly verticafly behind the beaks, and a second narrower and exceed- 
ingly faint flattening occurs in front of the imdefined posterior ridge. 

LocaUty: Chapman sandstone, 2 miles west of Presque Isle Stream, Chapman Township, 
Aroostook County, Maine. 

U. S. National Museum, catalogue No. 59771. 

Comparisons, — In the broadly oval form, strong convexity, subcentral position of the 
vertebral beaks, and faint character as well as the position of the posterior sinuses the species 
is a typical member of the group of TeUinites qffinis McCoy,* from the British Upper Ludlow, 
the genotype of Tellinites. I was, indeed, originally inclined to unite the Chapman specimen 
with McCoy's species, and subsequent larger collections may possibly prove that they are the 
same. In the Chapman specimen, however, the height is more than half the length (0.57 the 
length, as compared with 0.45 for McCoy's shell), the beaks are a trifle farther forward, and 
the posterior sinus is shghtly weaker. 

The Chapman shell also bears a close similarity to the Rhenish TeUinites elegans (Maurer), 
figured as Ctenodmda elegans by Beushausen.^ The German Eo-Devonian shell is flatter and 
proportionately higher than either T, affinis or T. chapmani; no mention is made in the text, 
nor is any indication given in the figure, of the subcentral constriction or sinus of the ventral 
margin. 

1 McCoy, Frederick, in Sedgwick and McCoy, British Paleozoic rocks and fossils, p. 286, pi. If, fig. 31, 1852; Upper Ludlow of Benson Knot, 
Kendal, Westmoreland. 

> Beushausen, Louis, Die Lamell Ibranchlaten des rheinischen DeTon: K. preuss. geol . Landesanstalt Abh. , new ser. , vol . 17, p. 81 , pi. 7, figs. 6, 7, 
1805b Beushausen records the species from the Lower Coblenzian of Nellenkopfchen, in Rhenish Prussia. 
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Tellinites curta sp. nov. 

Plate XXV, figure 14. 

Shell moderately large, broadly oval, nearly equilateral. Height 0.65 the length. Position 
of greatest height and greatest length and character of umbones, anterior end, ventral, pos- 
terior, and hinge margins, etc., as in T. chapmani. Moderately ventricose; broadly inflated 
below the umbones; point of greatest depth directly below the umbones, slightly above the 
midheight. Depth of the single valve very nearly equal to a third of the height. Subcentral 
sinus and posterior sinus essentially as in T, chapmani. The second or narrower sinus in T, 
curta is exceedingly faint. Its position is indicated by two obsolescent radial striae or lines 
which may be discernible when orienting the specimen at varying angles to the light. A similar 
structure is noted in T, chapmani, and Beushausen * also records in TeUinites elegans (Maurer) 
two such '^very delicate radial lines, becoming visible only with changing light." The occur- 
rence of these delicate radial lines on the interior of the shell supports the theory associating 
the development of a posterior sinus in these Paleozoic taxodonts with a well-developed special 
internal organ, such as a posterior siphon or anal tube. Muscular scars, as in T. chapmani ^ not 
impressed. Shell thin, nearly papery. 

Sm^ace ornamentation as in T. chaprnani, except that it is a trifle less strongly marked. 
Length 29.5 millimeters, height 19 millimeters, depth of the single right valve 5.75 millimeters. 

Unfortunately only a single specimen each of T. curta and T. chapmani is known. These 
two specimens may possibly represent varieties or individual differences^of one and the same 
species. T, curta is distinguishable from T. chapmani by its higher, less transversely elongated 
form. 

Locality: Chapman sandstone, west side of Edmimds HiU, Chapman Township, Aroostook 
County, Maine. 

U. S. National Museiun, catalogue No. 59772. 

TELLiNrrEs (Koenenia) gibbosa Goldfuss var. kayseri Beushausen. 

Plate XIX, figures 3, 9, 11, 13, 15, 16; Plate XXV, figures 1, 3, 4, 5, 12. 

var. GRASSA Beushausen. 

Plate XXV, figure 8. 

1834-1840. Sanguinolaria gibbosa. Goldfuss, Petrefactse Germanise, vol. 2, p. 278, pi. 159, fig. 10 (figure bad; see 
Beushausen, 1895). 

[Siegen] clay shales: Altenahx, Germany. 
1850-1856. Nucula umonifonrm. Sandbeiger, Versteinerungen des rheinischen Schichtensystems in Nassau, p. 277, 
pi. 29, fig. 1. 

Lowest Coblenzian graywacke: Singhofen, Germany. 
1884. Palxoneilo negkcta. Beushausen, Fauna des Oberharzer Spiriferensandsteins, etc., p. 77, pi. 4, Gg. 22. 

Spiriler sandstone (Coblenzian): Bocksberg, Harz Mountains, Germany. 
1884. Palaeoneilo occulta. Beushausen, idem, p. 78, pi. 4, fig. 25. 

Spirlfer sandstone (Coblenzian): Bocksberg, Harz MountainB, Germany. 
1895. Ctenodonta (Palxoneilo) crassa (pars). Beushausen, Lamellibranchiaten des rheinischen Devon, p. 77, pi. 6, 
fig. 5 (not fig. 4). 

Coblenz (Ems) quartzite: Rhens, Germany. 
1895. Ctenodonta (Palxoneilo) kayseri (pars). Beushausen, idem, p. 82, pi. 19 (except fig. 18). 

Lower Coblenzian: St. Johann a. Kyll, Germany. 
1895. Ctenodonta (Palxoneilo) gibbosa. Beushausen, idem, p. 83, pi. 6, fig. 16. 

Siegen graywacke: Saxler, near Gillenfeld, Siegen district, and Altenahr, Germany. 
1895. Ctenodonta (Palxoneilo) unioniformis. Beushausen, idem, p. 84, pi. 6, figs. 10-15, except fig. 14. 

Lower Coblenzian: St. Johann a. Kyll; Gemund, near Daun, in the Eifel; Nellenkopfchen; Singhofen, Germany. 
1899. Palxoneilo orbignyi. Clarke, Mus. nac. Rio de Janeiro Arch., vol. 10, pi. 8, figs. 14-17 (English ed., p. 74, 1900). 

Devonian [Lower Coblenzian]: Rio Maecuru, Para, Brazil. 
1902. Ctenodonta (Palxoneilo) kayseri and unioniformis. Drevermann, Palaeontographica, vol. 49, p. 87. 

Lower Coblenzian: Oberstadtfeld, near Daun, in the Eifel, Germany. 



» Op. cit., p. 81. 
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1904. Ctenodonta (Palxoneilo) ffibhota (?). Drevermann, Palaeontographica, vol. 50, p. 243. 

Siegen graywacke: Self en, near Dierdorf, in the Westerwald, Germany, 
cf. 1906. PalaPoneUo hoyesei. Schwarz, Albany (South Africa) Mub. Rec., vol. 1, pt. 4, p. 377, pi. 8, fig. 4. 

[Lower Coblenzian] shale: Hottentots Kloof and Vitkomst, South Africa. 
1907. Paleoneilo drculua. Clarke, New York State Mus. Bull. 107, p. 231, figs. 

Lower Devonic: Presque Isle Stream, Chapman, Maine. 

Ventricose, subquadrate to subovate shells, rather large for nuculoids. Equivalve, inequi- 
lateral. Proportion of height to length variable, between 7:10 and 8:10. Greatest height 
just back of the beaks; greatest length near the midheight, sometimes above, sometimes below. 
Umbones conspicuous, broad, protruding slightly above the hinge line; situated at the ante- 
rior two-sevenths to two-fifths; usually slightly prosogyrate to nearly vertical, occasionally 
strongly prosogyrate, especially when situated far forward. Anterior end equal to about 
threo-fourths the total height, not quite as high as the posterior end, convexly roimded through- 
out, nearly horizontal for a short space in front of the beaks, subvertical for the greater part 
of the distance, and rounded into the ventral margin which is depressed convex to nearly straight. 
The portion of the shell in front of the umbones does not exceed one-fourth the total length. 
The ventral extremity is below the midlength, just back of the beaks. From this point the 
ventral margin is nearly or quite horizontal, ascending very little to the postventral extremity. 
Sometimes a very faint insinuation or straightening of the ventral margin occurs posterior to 
the middle. From the postventral extremity, the posterior margin in the lower half rises to 
the rear, as far as the upper margin of the posterior sulcus. This portion of the margin is more 
or less concave near the middle, the concavity depending on the degree of development of the 
sulcus and being rather faint at best. The posterior extremity is a little above the sulcus at 
the middle of the posterior margin but below the midheight of the shell. From it the posterior 
margin ascends vertically, or very slightly forward, in a depressed-convex, nearly straight line 
to the hinge extremity. Occasionally there is a small constriction in the middle of this portion, 
but it is much smaller than the ventro-posterior insinuation. The hinge extremity is obtusely 
Bubangular or rounded. The length of the hinge line posterior to the beaks, which is equal to 
ono-half to two-thirds the total length of the shell, generally nearer the former,- is less than 
the height of the shell, varying from one-half to two-thirds the height, generally nearer the 
latter; rarely it nearly equals the height. The hinge line is straight or very depressed convex, 
usually shghtly descending, frequently horizontal. 

With regard to the convexity of the shell, the broad, gibbous, overarching umbones are 
very conspicuous. Below the umbones the body is inflated to different degrees in different 
shells, being nearly globular in some young individuals and always ventricose. The post- 
umbonal ridge is rounded and extends at an angle of 30^ or 40^ from the vertical. The posterior 
sulcus is shallow and sometimes hardly discernible. It does not extend to the beaks. It is 
bounded above by a low, narrow ridge which, when definable at all, is broader, lower, and less 
conspicuous than the postumbonal ridge. Between this secondary low indistinct ridge and 
the hinge line there is frequently a very faint, narrow furrow or depression of the surface. 
The degree of development of the posterior sulci and ridges is exceedingly variable. The 
depth of an average single valve is equal to half or nearly half the height. The point of maxi- 
mum depth is situated at the dorsal third of the height, and either on or in front of the post- 
umbonal ridge, at the midlength or slightly in front. 

Ligamental structure unknown. Apparently no cartilage pit. Dentition taxodontic. A 
few sparse teeth are developed in front of the umbones. Behind the umbones the number of 
teeth could not be distinctly counted, but there appear to be between 12 and 16, nearer the 
latter number. The teeth diminish in size toward the beaks. Muscular scars and pallial 
impression absent; not observed on any one of more than 50 specimens. Shell of moderate 
thickness; intimate structure not observed. 

The surface ornamentation comprises tenuistriate lines of growth, occasionally crowded 
into low, obsolescent concentric ridges. No regular lamellose ornamentation developed. 
Very rarely on the body of the shell below the umbones exceedingly faint radial scratches or 
lines are discernible. 



MOLLUSOA. 167 

Mature shells have a length of 20 to 25 millimeters and a corresponding height of 14 to 
18 or 20 millimeters; two large individuals were 28 millimeters long and 20 to 21 millimeters 
high. 

The distinguishing characters of the fossils are the ventricosity; suhquadrate outline; high 
but short anterior end; full, overarching umbones; hinge line horizontal or slightly declining; 
hinge extremity more or less definable; posterior margin vertical to retrorse in the upper half; 
ventro-posterior emargination; faint and variable posterior sulcus, bounded by two obsolescent 
rounded ridges; occasional development of a second very faint sulcus; absence of muscular 
impressions in finely preserved specimens. 

Locality: Chapman sandstone, abundant 2 miles west of Presque Isle Stream and common 
at Presque Isle Stream, where the greater softness and finer grain of the sediments have per- 
mitted the specimens to become distorted in several directions. Some globular young indi- 
viduals from locality 1099 J (PI. XXV, fig. 8), representing one of the many variations of the 
species at this locality, are indistinguishable from ^^Ctenodonta'* crassa Beushausen, from the 
German Coblenz quartzite. No specimen observed had the lamellose ornamentation of the 
typical forms of Goldfuss's and Sandberger's species. 

U. S. National Museiun, catalogue Nos. 59773, 59774, 59775. 

Comparisons, — The variety Jcayseri Beushausen is distinguished from the typical form of 
71 gibhosa by the absence of lameUose markings, the surface lines of growth being tenuistriate. 
Beushausen retains Sandberger's species T. unioniformis as distinct from Goldfuss's T. gibhosa. 
T. unioniformis is supposed to be slightly lower and more transverse; to have the hinge line 
slightly more arcuate and reclining, and to have a deeper and narrower sulcus and less regular 
sculpture; both forms, however, are lamellose. A glance at Beushausen's figure will show that 
the supposed distinctions of the two forms intermingle and interchange. Furthermore, the 
great variability in the Chapman shells, as well as in the Rhenish shells, in the proportion of 
height to length, the direction of the hinge line, and the strength of the posterior sulcus affords 
convincing evidence that in spite of the lack of German fossils for study, the forms described as 
T. unioniformis and T. gibhosa represent a single species with lamellose concentric ornamenta- 
tion. The Chapman varietal form is tenuistriate and seems indistinguishable from the Bra- 
zilian ^'Palxoneilo^'orhignyi Clarke, of the Coblenzian fauna of Rio Maecuru. One of the 
small globular specimens from Maine is indistinguishable from ^^Ctenodonta^^ crassa Beushausen, 
and as the same form is also represented by Clarke ^ from Brazil, there can be little doubt 
that Beushausen's fossil is one of the forms of this variable and apparently long-ranging and 
widely distributed species of the lower half of the Eo-Devonian. The other synonyms given 
above are suggested by the occurrence of similar or approximately similar forms in the Maine 
collections, which close study shows to be evidently specimens of the variety originally defined 
by Beushausen. 

The Chapman and Brazilian fossils, especially the former, closely approach TeUinopsis 
subemarginata Hall,' from the New York Hamilton, but they lack the anterior faint sulcus 
and ridge usually developed in TeUinopsis. In HaU's fossil also the beaks are more persistently 
central or directed vertically or backward, and it is a thinner shell. Paleoneilo virginica Hall ' 
is a near ally, but is transversely more elongate and has the sculpture strengthened, becoming 
finely lameUose toward the postumbonal ridge and sulcus. Paleoneilo perplana Hall ^ is also 
sinular to the Chapman fossils, but has less overarching umbones, and, Uke P. virginica, is 
transversely more elongate and has stronger ornamentation posteriorly. The Chapman fossils 
also resemble the figures of Paleoneilo sulcata Hartt and Rathbun,^ but that species is much 
flatter, with beaks narrower, not inflated or overarching, situated farther forward, and more 
decidedly prosogyrate ; the sulcus is more persistently and strongly developed ; a few minor 
points of distinction might be added. 

t Clarke, J. H., Hiu. nac. Rio de Janeiro Arch., vol. 10, pi. 8, fig. 14, 1899. 

> Hall, James, Paleontology of New York, vol. 5, pt. 1, p. 464, pi. 76, figs. 21-31, 1885. 

* Idem, p. 340, pi. 93, fig. 14. From beds of Haznllton age, Patterson Creek, Va. 

« Idem, p. 339, pi. L, figs. 15-22, pi. 93, fig. 12. The species is from the New York Hamilton. 

• Hartt, C. F., and Rathbun, R., New York Lyceum Nat. Hist. Annals, vol. 11, p. 124, 1876. See also Clarke, J. M., op. cit., p. 75, pi. 8, fig. 
13. The species is from the Hamilton fauna (Middle Devonian) of Erere, Para, Brazil. The comparisons made above are based on the three type 
spechnens of Hartt and Rathbun preserved in the Cornell University collections. 
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QenuB DmCHIA F. Sandber^er, 1891. 

The genus Ditichia was founded by F. Sandberger * on some Lower Coblenzian taxodontic 
shells which have two strongly developed muscular septa dividing the cavity of the valve into 
a narrow central compartment with a lateral chamber on each side. The types are from the 
Conde Valley, near Winnegen, in the Coblenz district. Sandberger erroneously identified his 
shells with a species from the Haupt quartzite of the Harz Mountains which had been described 
as Leda mira Beushausen,^ which is a diflFerent shell. In the typical Coblenzian forms thick 
septal ridges extend on theumbonal side of the two muscular scars; these ridges reach nearly 
to the ventral margin, producing a characteristic tripartite appearance in casts and giving 
them, as suggested by Sandberger, the appearance of a large Beyrichia. 

These typical forms, with their highly developed septa,' present an appearance so remarkable 
among lamellibranchs that they would seem to make up a valid genus. Beushausen,* however, 
has attempted to demonstrate that Sandberger's typical forms of Ditichia are merely the 
yoimg of CucvUeUa (Cleidophorus) eUiptica (Maurer), and that the posterior septum disappears 
with age and the anterior septum becomes sharp. 

In the Chapman shells the septa do not attain the bizarre and extreme development shown 
in typical Ditichia, but the material shows that the variabiUty in the septa is due not to advanc- 
ing age in the individual but to diflFerence in degree of development in different individuals. 
The septa are faint or absent in some young shells and highly developed in some of the largest 
specimens, and vice versa. It is interesting to note that similar septal structures, a fairly 
strong anterior septum and weaker posterior septum, occur in the Ledarlike Nucvlana (Ditichia) 
«€cum Clarke,* in the oval, nonsinuated CleidopJwrus eUiptica (Maurer), and in the emarginate 
Paleoneilo mainensis and similar forms. There is also a faint approach to a posterior septum in 
addition to the lunbonal septum in some forms of Adranaria securiformis (Goldfuss).* The 
occurrence of these septate structures in such dissimilar forms tends to bear out Beushausen's 
suggestion that the character does not seem in itself to be of generic value. I doubt, however, 
whether Beushausen's explanation of the development of the septa as a juvenile character is 
correct. On the contrary, inferences drawn from analogous structures in other lamellibranchs 
and in brachiopods lead to the conclusion that the development of these septa is originally a 
senile character. If the name Ditichia is used as indicating a separate genus, it will have to 
be restricted to the typical forms, having both the anterior and posterior septa well developed 
and extending nearly to the ventral margin. 

GenuB PALBONEILO HaU, 1869. 

Paleoneh-o (DrriCHiA) mainensis Clarke. 

Plate XIX, figures 10, 12, 19; Plate XXV, figures 6, 9, 11, 13. 

1907. Pakeoneilo rrminenm. Clarke, New York State Mus. Bull. 107, p. 230, figs. 

Lower Devonic: Presque Isle Stream, and in the burnt district 2 miles westward; Chapman Township, Maine. 
cf. 1907. Palxoneilo (Ntiadites) folles. Clarke, idem, p. 232, 2 figs. 

Lower Devonic limestones: Dalhousie, New Brunswick. 

Large, moderately convex shells of regularly ovate outline, tapering behind, the regularity 
of the outline slightly interrupted by a faint postventral constriction of the margin. Propor- 
tion of height to length varying from 74:100 in high shells to 65 or 67:100 in the commoner 
forms and to 60 or 61 :100 in the transversely more elongated specimens. Greatest length at 
or slightly below the midheight; greatest height indefinitely at or slightly in advance of the mid- 
length. Umbones are moderately broad, rarely central, usuaUy situated between the middle and 

■ " > ■ 

1 Sandberger, F., Bemerkungen (Iber Ditichia, eine neue Nuculaoeen-Gattung aus dem Unterdevon: Neues Jahrb., 1891, vol. 2, pp. 104-105. 

t B«ushausen, Louis, Beitrfige zur Kenntniss der Oberharzer Spiriferoxisandstelns: Abh. geol. Specialkart« Preussen, vol. 6, pt. 1, p. 90, 
pi. 3, fig. 15. 1884. 

* See BeusbMisen, Louis, Die Lamellibranchiaten des rheinischen Devon: K. preuss. geol. Landesanstalt Abh., new ser., vol. 17, p. 104, pi. 5, 
figs. 12 and 14, 18d5. 

« Idem, p. 105; K. preuss. geol. Landesanstalt Jahrb., 1891, p. 05. 

fi Clarke, J. M., Some new Devonic (o^ils: New York State Mus. Bull. 107, p. 233, figs., 1907. 

6 See Beushausen, Louis, Abh. geol. Specialkarte Preussen, vol. 6, pt. 1, pi. 6, fig. 1, 1884. 
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anterior third. They are slightly overarching; usually directed vertically, or nearly so, but 
often decidedly prosogyrate, especially when the beaks are farther forward. The anterior end 
includes one-third or more of the total length and five-sixths or more of the height of the shell. 
The anterior margin is convexly rounded in a symmetrical paraboloid arch. No lunule in front 
of the beaks. The forward extremity is just below the midheight of the sheU. The anterior 
margin merges into the ventral margin in a broad curve. The ventral margin is usually bellied 
down; the ventral extremity is at the midlength, either directly under or, more frequently, very 
slightly behind the beaks. The ventral margin is synametrically arched, except that the pos- 
terior third is constricted or faintly insinuated. The posterior margin is ill defined, owing to 
the convergence of the dorsal and ventral mai^ins, and is symmetrically roimded, with the 
posterior extremity usually at the inferior one-third or two-fifths the height of the shell, rarely 
near the midheight. There is no definable hinge extremity; the dorsal edge declines rapidly 
from behind the beaks and merges into the narrow posterior end. The hinge line behind the 
beaks is very depressed convex, nearly straight. The valves are moderately ventricose. The 
imibones are prominent and incurved over the beaks. The body is full below the beaks and 
slopes so as to produce a deep anterior end and a less convex posterior end. The posterior half 
of the surface includes a broad, undefined, very shallow sinus or flattening, sometimes so little 
developed as to be almost or quite unrecognizable. Behind this the surface is again rather 
convex over the short distance to the postdorsal mai^ins. The point of greatest depth of the 
shell is situated below the umbones, slightly in front when the umbones are prosogyrate, varia- 
bly between the dorsal one-third and one-fourth the height. In full, uncompressed shells the 
depth of the single valve is two-fifths the height or frequently a little less. Ligamental structure 
unknown. 

Clarke's lower figure shows, as is usual, no cartilage pit. The lilidne specimens show no 
trace of an external ligament. However, they have one peculiar feature which is worthy of 
notice. Clean internal molds sometimes show a linear incision below the teeth extending back 
of the beaks nearly or quite to the posterior muscular scar. This may represent the sharp inner 
edge of the hinge plate or it may perhaps indicate an elongated narrow cartilage or internal 
ligament below the posterior hinge, such as exists in the recent taxodontic genus Glomus and 
its allies.^ 

Dentition taxodontic; five, six, or seven nuculoid teeth in front of the beaks and 20 or more 
teeth behind the beaks; of the latter those immediately behind or under the beak are minute 
and numerous. The teeth increase in size posteriorly and are V shaped, with the apices directed, 
as is usual, toward the umbones. The muscular scars, especially the anterior one, are made 
conspicuous by a blunt septal thickening or deposition of shell on the umbonal side of each scar. 
The anterior septal ridge is the stronger and more persistently developed, occurs immediately 
in front of the beaks, and ej^tends directly downward or, more often, a little forward from the 
vertical. It is arched and tapers downward, extending less than halfway down, usually decid- 
edly less than halfway. Except for this ridge or septum the muscular scars are only faintly 
impressed or defined. The posterior ridge is blunter and fainter than the anterior ridge, occurs 
less than halfway from the beaks to the posterior end of the sheU, and is directed downward and 
backward. Frequently it is not definable. Pallia! line faintly impressed anteriorly; not at all 
impressed in clean molds posteriorly. Hence it is impossible to state whether or not the shell 
was sinupalliate. Shell thin, except for the thickening on the imibonal side of the muscular 
scar. 

In surface ornamentation the shells vary from a few that are nearly smooth to those that 
exhibit tenuous strise of growth. The largest specimen had a length of 32 millimeters and a 
height of 21 millimeters. Ordinary mature specimens have a length of 24 to 29 millimeters and 
a proportionate height. The smallest specimen observed was 7 millimeters high and 1 1 milli- 
meters long. 

1 See Verrill, A. E., and Bush, K. J., Revision of the genera of Ledidce and Nuculidfle of the Atlantic coast of the United States: Am. Jour. 
BcL, 4th aer., vol. 3, pp. 53, 60, figs. 1, 2, 1897. 
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The distinguishing features of the species are the rounded ovoid outline tapering behind; 
height generally two-thirds the length; umbones prominent, variably between subcentral and 
subvertical to the anterior third and prosogyrate; anterior end large and well developed; ver- 
tical margin arched and symmetrical except for a rather broad, very faint insinuation or con- 
striction postventrically; posteriorly convei^ing ventral and dorsal margins; moderate ven- 
tricosity ; very faintly developed posterior sinus, which is occasionally hardly discernible; strong 
septal ridges on the umbonal side of the scars, stronger and more persistent on the anterior scar, 
sometimes obsolescent on the posterior scar; septa thick, blunt, and extending less than half 
the height; and tenuistriate surface. 

Locality: Chapman sandstone, Presque Isle Stream and 2 miles west of Presque Isle Stream 
localities 1099 A and 1099 J) and Edmunds Hill Gocality 1099 C), Chapman Township, Aroos- 
took County, Maine. 

Two forms of the species occiu*, both at Presque Isle Stream (1099 A) and in the region west 
of Presque Isle Stream (1099 J). One form has the umbones subcentral and vertical, the sinus 
extremely faint, and the muscular septa less well developed. In the other form the umbones 
are more decidedly prosogyrate and situated farther forward, and the septa are more strongly 
developed. These characters, however, interchange, so that it has been considered advisable 
to unite the two forms in one species. Paleoneilo (Nticylites) foUes Oarke from New Brunswick 
is a probable synonym, conforming with those Chapman specimens which have the umbones 
forward and prosogyrate. 

U. S. National Museum, catalogue Nos. 59776, 59777, 59778. 

Comparisons, — ^Among the ovate, smooth, emarginate shells with well-developed septa which 
approach Paleoneilo (Ditichia) mainensis may be mentioned PcUeoneilo crassa (Beushausen's 
Ctenodonta crassa) j^ which is, however, less tapering posteriorly and higher anteriorly and in 
which the teeth in front of the hinge are more numerous. Paleoneilo prisca (Goldfuss) as figured 
by Beushausen ' is also similar but is a narrower species with the beaks situated farther forward. 
Paleoneilo intermedia (Beushausen^s CucuUeUa intermedia) ' and Paleoneilo speciosa Beushausen,^ 
especially the latter, are also closely similar but vertically narrower species. 

Paleoneilo mainensis Clarke var. umbonata var. nov. 

Plate XXV, figures 16, 20. 

The coDections from Presque Isle Stream GocaUty 1099 A) contain, with PaleoneUo 
(Ditichia) mainensiSy two specimens which exhibit the normal variabiUty in outline of 
P. mainensis but which differ from all the normal forms of the species in having the umbones 
much more highly developed, situated in advance of the anterior third, and directed decidedly 
prosogyrate. Some of the variabihty of the two specimens, however, may be due to distortion 
by pressure. In the ventricosity of the shells, arching umbones, large anterior end, subsym- 
metrically arched ventral margin, tapering posterior, faint post-ventral sinus, and ornamentation 
var. uTobonaia agrees with the usual forms of the species. The anterior septal ridge is moderately 
developed, short, and blunt, as usual; the posterior septal ridge in the two specimens at hand 
is not discernible. The high umbones, situated farther forward and strongly prosogyrate, 
will readily distinguish the present variety. 

Locality: Chapman sandstone, Presque Isle Stream, Chapman Township, Aroostook 
County, Maine. 

U. S. National Museum, catalogue No. 59779. 

Comparisons. — Some of the forms of Paleoneilo mainensis approach the well-known 
American Paleoneilo constricta Conrad * but differ in having the anterior muscular septum 
persistently developed and in being more inflated; the Maine shells also lack the change in 
ornamentation posteriorly which characterizes the typical forms of P. constricta. 

I Beushausen, Louis, Die Laraellibranchiaten des rheinischen Devon: K. preuss. geol. Landesanstalt Abh., new ser, vol. 17, p. 77 par^, pL 6, 
flg. 4 (not fig. 5, which is the young of the Tellinitis (Koerunia) kayaeri type), 1895; Cobleni or Ems quartzite of Rhens, Prussia. 

« Beushausen, Louis, Beitrige tar Kenntniss der Oberharzer Spiriferensandsteins: Abh. geol. Specialkarte Preussen, vol. fl, pt. 1, p. 79, pi. 3, fig. 
16, 1884; as Ctenodonta prisca. 

I Beushausen, Louis, op. cit. (1895), pi. 5, fig. 16. 

4 Idem, pi. 6, flg. 8. 

» See Hall, James, Paleontology of New York, vol. 6, pt. 1, p. 333, pi. 48, figs. 1-16; pi. 51, fig. 17, 1885. 
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Genus LBDA Sohunuuihery 1817. 

Although the existence of taxodontic shells of characteristic ledifonn outline as low down 
in the Paleozoic section as the Ordovician has long been known, there has been some doubt 
as to whether these shells really exhibit the pallial sinus and cartilage pit characteristic of 
Leda Schumacher, or, as some have chosen to call it, the genus Nuculana.^ The Ordovician- 
Devonian genus Adranaria includes taxodontic ledifonn shells lacking both cartilage pit and 
pallial sinus but is easily distinguished by having a low blimt radial septum or ridge on the 
interior of the shell. Such lediform taxodonts can, because of their imibonal ridge or septum, 
easily be placed where they belong, near NucuUtes and Ctenodonta; but in other Paleozoic 
shells resembling Leda even in the presence of a cartilage pit there is no trace of a paUial sinus. 
Goodchild* has called attention to some Carboniferous species of so-called '*Leda'* which 
distinctly lack the pallial sinus of the real Leda (Nuculana), and his observation as to the 
absence of paUial sinus has been corroborated by Hind; ' in these shells a cartilage pit occurs. 
Hall ^ showed a cartilage pit in the Mississippian Leda pandariformisj in which also the pallial 
line was not observed. Goodchild and Hind have demonstrated the cartilage pit in the English 
Carboniferous '^Ledas," which lack the paUial sinus. However, the diversity of genera based 
on the soft animal parts, as in Area where many different generic types have the same external 
form of shell, should lead to hesitation before asserting actual identity of these primitive fossil 
Ledas with the recent Leda. It is apparent, from the little now known of the forms living in 
Paleozoic time as interpreted through the fossils, that even then there was at least as much 
diversification among these forms as exists among their descendants of the present day. 

The occurrence of a callosity (?) on the interior of these Paleozoic '* Ledas,'' is of interest. 
In the more recent and typical Leda the body of the shell below the umbones is full and inflated; 
but Hind has called attention to the fact that many Carboniferous species of Leda display a 
persistent thickening of the shell on the interior, or a flattening or faint depression on internal 
molds below the umbones. This character, indeed, is present in most though apparently not 
all Paleozoic ''Ledas" and may have some function similar to that of the umbonal ridge or 
septimi of the lediform Adranaria. This subumbonal depression in internal molds is well 
defined in the Chapman Leda (f ) harrisi. 

The Chapman specimens, imfortimately, do not indicate whether or not the pallial sinus 
and cartilage pit were present. Hence, the reference of the fossils to Leda and the Ledidse 
may be open to some question, in spite of the pronounced and typical lediform expression. 

Leda habbisi sp. nov. 

Plate XXV, figures 15, 19. 

Lediform sheUs of small to medium size, length 1^ times the height. Umbones vertical, 
or slightly directed backward (opisthogyrate), situated at the anterior two-fifths of the length 
depressed to the hinge line. Anterior margin symmetrically arched, paraboloid, a trifle deeper 
than a semicircle. Forward extremity at the midheight. Ventral margin rounded, ascending 
only slightly toward the rear, nonemarginate; ventral extremity directly below the umbo. 
Posterior end fairly broad for Leda, ellipticaUy rounded, horizontal. Posterior hinge extremity 
not definable. Hinge margin back of the beaks nearly horizontal in the middle, ascending 
strongly toward and immediately behind the beaks; nowhere quite horizontal or descending 
from the posterior extremity forward. Convexity depressed. A broad depression or flattening 
on internal molds descends from the umbones at an angle of less than 15^ backward from the 
vertical. This is most conspicuous near the midheight. The anterior end is convexly rounded, 
of rather subdued convexity. Posterior to the infraumbonal flattening, the surface again 
becomes convex in a rounded posterior ridge, which is discernible for one-half the distance 

I Nacolana Link, 1907, has priority over Leda Schumacher, 1817. According to Dall, however, the Nuculana of Link is a synonym of Nucula 
Lamarck. 

s Goodchild, J. G., Notes on Carboniferous lamellibranchs (Ctenodonta and Nucula): Roy. Phys. 8oc. Edinburgh Proc., vol. 11, p. 244, 1802. 

> Hind, Wheelton, A monograph of the British Carboniferous Lamellibranrhiata; pt. 2, Mytilid», Arcidee, NucuUc: London Palaeontogr. Soc. 
Pnb., vol.^l.p. 176, 1897. 

* Paleontology of New York, vol. 5, pt. 1, p. 332, pi. 47, fig. 50, 1885. 
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from the beaks. This ridge bears the pomt of greatest depth of the shell, at the midlength, 
a little below the ^dorsal margin and on a Ime to the beaks at an angle of approximately 40° 
from the vertical. There is no persistent umbonal ridge nor carina. The depth of the single 
valve is equal to one-fourth the height or less. 

Ligamental structure and dentition unknown. Muscular scars of approximately equal size, 
the posterior scar possibly slightly the lai^er. Anterior scar distant from the beaks, situated 
at the forward extremity of the shell; fairly well impressed. Posterior scar situated about 
midway between the beaks and posterior extremity. No accessory scars observed on our two 
specimens. Pallial line not impressed. Shell apparently thin. 

Surface apparently smooth or with faint tenuistriate lines of growth. Internal molds quite 
smooth. The type is 7.6 millimeters long and 5 millimeters high; the depth approximately 
one-fourth the height for the single valve. A larger specimen is much flatter; it is 14.9 milli- 
meters long and 9 millimeters high. 

The distinguishing features of the species are the broad posterior end; the length of the shell, 
li times the height; beaks at the anterior two-fifths; ventral extremity directly below the 
mnbones; the infraumbonal flattening or depression of the internal mold; and the moderate 

convexity. 

Locality: Chapman sandstone, 2 mUes west of Presque Isle Stream (locality- 1099 J), 
Chapman Township, Aroostook Coimty, Maine. 

U. S. National Museum, catalogue No. 59781. 

Comparisons, — The species is somewhat similar to the Hercynian Leda described and 
figured by Beushausen * as Nucvla JcrdcJUx Roemer but differs in having the ventral extremity 
directly below the mnbones and the mnbones farther back; moreover, L. hrdchtse is a gibbous 
shell and appears to lack the infraumbonal depression of Leda harrisi. 

Leda minuta sp. no v. 
Plate XXVI, figure 1. 

Shell minute, ovate triangular; length one-half greater than the height. Anterior portion 
a broadly roimded parabola, deeper than a semicircle; posterior portion abruptly narrowed, 
rounded at the extremity. Postdorsal margin concave, nearly horizontal in the hinder portion, 
but nowhere quite horizontal nor ascending from the beak to the posterior margin. Beaks 
broadly roimded, arching over the cardinal line; vertical or opisthogyrate. Dimensions, 
3 by 2 millimeters. 

The internal mold is smooth, being devoid of ornamentation and muscular impressions. 

Locality: Chapman sandstone, Presque Isle Stream Gocality 1099 A), Chapman Township, 
Aroostook County, Maine. 

U. S. National Museum, catalogue No. 59782. 

Comparisons. — Leda minuta is readily distinguished from Leda Jiarrisiy the other Leda of 
the Chapman sandstone, by its more minute size and more gibbous outline; it is sharper pos- 
teriorly and more bellied down ventrally. Finally, Leda mint^ lacks the more conspicuous 
median depression of Leda harrisi. 

Leda minuta resembles Leda hrevirostris Hall,' from the Hamilton formation of New York, 
but it attains only half the size, and its front margin is more deeply rounded. 

Family NUCULIDi£ Adams. 

Several Nucula-Uke shells of the Chapman fauna possess characters which place them in 
an intermediate position between Dallas family ?Ctenodonta and Adams's family embracing 
the later and recent Nuculidse. To these forms I apply the name Nuculoidea, classing them 
as a subgeneric group of the genus Nucula Lamarck to give them a legitimate taxonomic rank. 
Evolutionally these Paleozoic Nuculas may more properly be considered as the ancestral stock 
out of which Nucula and perhaps aU the true Nuculidae have arisen. 

1 Beushausen, Louis, Beitrage zur Kenntniss des Oberhaner SplrifensaDdsteins und seiner Fauna: Abh. geol. Specialkarta Preussen, vol. 6, 
pt. l,pl. 4, figs. 7, 12, 1884. 

* Hall, James, Paleontology of New York, vol. 5, pt. 1, Lamelllbrancbiata, pi. 47, fig. 40, 1885. 
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GenuB NTJCTTIiA Lamarck. 
Subgenus NTTCTTIiOIDEA subgezu nov. 

The distinguishing marks of Nuculoidea are a distinct cartilage pit, as in Ctenodonta alher- 
ima UTrich, of the Upper Ordovician, and a nonpectinated ventral margin, which differentiates 
them from the true Nuculas of the Cenozoic. The species NucuUl opima Hall = N. randaUi 
Hall and authors, of the Hamilton, is taken as the type of the group. 

CucuUea opima Hall was described and illustrated in 1843.* In 1870 ' Hall described 
Nucula randaUi (without figures) and declared CucuUea opima Hall, 1843, to be identical with 
NucuUl lirata Conrad, 1842. In 1885^ Hall stated that after reexamining the original of Cucultta 
opima he unhesitatingly regarded Nucula opima Hall, 1843, as identical with Nucula randaUi 
Hall, 1870. N. opima has priority and according to the rules of nomenclature must be retained. 

With regard to the supposed identity of N, lirata Conrad and N. opima Hall, it is a fact 
that the great majority of specimens as ordinarily preserved are not distinguishable specifically, 
the finer ornamentation being only rarely discernible and the convexity and outline being 
variable both originally and as a result of crushing. 

Two internal molds (No. 201 A) in the Jewett collection at Cornell University, labeled 
*^ Nucula opima Hall, from the Hamilton at Delphi, N. Y.," show distinctly a well-developed 
cartilage pit under the umbones. A similar specimen with cartilage pit, from beds of Hamilton 
age at Cumberland, Md., is illustrated by Hall,* and the very closely similar Nucula lirata 
Conrad, from the Hamilton, is also known to have a cartilage pit.* The Mississippian Nucula 
houghtoni Stevens,* from the Mississippian of Ohio and beds of corresponding age in Michigan, 
is known to have a cartilage pit. More recently nuculoid sheUs possessing a cartilage pit have 
been foimd in the Eo-Devonian of Germany, in several Taimusian and Coblenzian species.^ 
They occur also still lower in the geologic column, in the Ordovician, for E. O. Ulrich ■ has shown 
that although in the Trenton species of his ** group of ' Ctenodonta^ levata (Hall)'' (==the *^ group 
of * Ctenodonta' socialis Ulrich,'' or subgroup imder Myoplusia, described on p. 162) there is no 
cartilage pit, a more or less undefined pit is developed in some Upper Ordovician forms, and 
finally ^'Ctenodonta'' alhertina Ulrich • has a good cartilage pit and is congeneric with Nucula 
opima Hall. 

The Paleozoic nuculoid shells mentioned above agree with Nucula in general outline, 
configuration, pearly shell, and taxodontic hinge, as well as in having a cartilage pit. Appar- 
ently these sheUs conform, so far as these characters indicate, with typical Nucula. However, 
one of the characters commonly associated with Nucula is the denticulate ventral margin on 
the interior of the shell. This denticulate or pectinate margin is developed in all the Recent 
and Tertiary species of Nucula examined by me and Mr. Breger, comprising several dozen 
species, as well as in several Cretaceous forms. On the other hand, the Paleozoic shells other- 
wise identifiable with Nucula lack the denticulations on the interior along the ventral margin. 
We have not discovered a single specimen from the Ordovician, Silurian, Devonian, or Missis- 
sippian which possesses the denticulate ventral margin, except the little Nucula shumardiana 
Hall, from the Mississippian Spergen limestone of Indiana. Doubtful appearances of a crenu- 
late margin in this tiny species have been observed on some specimens from Spergen Hill. 
This species appears, however, even externally, to be more nearly related to the recent Nucula 
pemuJa than to the other Paleozoic Nuculas. The persistent absence of the denticulate ven- 
tral margin in the early and frequently large Nuculas and its persistent development in the 
Recent Nuculas furnish a ready and easy distinction. The nondenticulate and earUer form is 

1 Hall, James, Geology of New York, Kept. Fourth Dist., p. 197, fig. 78, No. 3, 1843. 

> PreUmlnary Notice of the LameUIbranehlata, No. 2, p. 3, 1870. 

> Paleontology of New York, vol. 5, pt. 1, p. 315, 1886. 

• Idem, pi. 45, fig. 27. 
» Idem, fig. 25. 

I Idem, fig. 31 and p. 324. 

f Beushausen, Louis, Die LameUibranchiaten des rheinischm Devon: K. preuss. geol. Landeeanstalt Abh., new ser., vol. 17, pi. 4, figs. 9 
(.N.fornkata), 17 {N. grandrnva), 19 (N. aquiggranensith 20 (N. kraehtx), etc., 1895. 

• Ulrich, E. O., The Lower Silurian LameUibrancbiata of MimieBota: Geology of Mlni^eaota. vol. 3, pt. 2, Paleontology, p. 581, 1894. 

• Idem, p. 596, pi. 42, figs. 76-«2. 
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here designated Nuculoidea, from its resemblance to Nucula. Some of the Triassic and 
Jurassic NucuIsb may possibly belong in the same group. 

In the type species of Nuculoidea the accessory muscular scars are well developed. In 
addition to the pedal retractory muscles, situated one above the anterior occlusor scar and one 
over the posterior scar, there are usually discernible in the antero-umbonal region three minute 
muscular impressions, the strongest one hindmost; in well-preserved specimens a fourth minute 
and strong muscular scar is situated at the tip of the umbo. Hall figured, apparently, still a 
fifth minute scar between the anterior pedal retractor and foremost umbonal scars. These 
five represent the full quota of ** umbonal scars,'* but usually only three are visible. From 
the position of these scars in Nuculoidea randaUi, N. lirataj and other species of Nuculoidea, 
I had originally regarded the larger end of the shell bearing these scars as the posterior end, 
in which case the beaks would have been (as is usual in Nucula) directed backward. Exam- 
ination of the Cretaceous Nucula percrassa Conrad, however, led to the belief that in this shell 
the beaks were directed backward and that the large end was the anterior end, as in normal 
Nucula; therefore, the umbonal scars, being situated on this large roimded end, were neces- 
sarily anterior. This view as to the antero-umbonal position of the umbonal scars is supported 
and corroborated by the Devonian Paleoneilo constricta (Conrad), where the emarginate end 
is practically known to be the posterior end and where the umbonal scars are situated in the 
narrower, anterior end. It may be regarded as established, therefore, that the umbonal scars 
are always antero-umbonal; and this feature affords another means of distinguishing the 
anterior from the posterior end in these Paleozoic shells. Such umbonal scars are present 
in several species of Nuculoidea and in many more species which appear to belong to Nucu- 
loidea; they are absent in modem Nuculas. This would seem, at first sight, to be another 
distinction between Nucula and Nuculoidea, were it not that similar scars are discernible in 
Nucula percra^sa Conrad, from the Cretaceous Ripley formation,* which has the denticulate 
margin of the real Nucula. Similar umbonal scars are also present in some forms of Paleoneilo, 
in Koenenia, and in the group of Nuculites oblongus, and are exceedingly well developed and 
. specialized in the Barrandean species erected by Neumayr into the genus Myoplusia. The 
occurrence of similar scars in these diverse taxodontic groups suggests the belief that they are 
not of generic value. 

The species which will probably fall under Nuculoidea may be divided into three groups, 
as follows: 

Group of Nuculoidea opima (Hall). Umbones twisted to a vertical position or actually 
faintly prosogyrate; the anterior end usually longer and semilunulate imder the beaks. 

Group of Nuculoidea oquisgraTieTtsis (Beushausen) . Umbones opisthogyrate; anterior end 
convexly rounded and usually larger; posterior outline semilimxdiferous. This group includes 
shells having the common cordate, ovate, or veneriform Nucula expression. 

Group of Nuculoidea (?) niotica (Hall). Umbones opisthogyrate; posterior margin trun- 
cate, nearly vertical; anterior margin also nearly straight, producing a characteristic vertically 
triangular outline. 

Representatives of all three groups appear in the Chapman sandstone. Nuculoidea heUatula 

sp. nov. belongs to the group of N. opima. N, trigonale is related to the triangular Nuculoideas 

of the third group. The group of N. aquisgranensis includes N, cordata sp. nov. and Nuculoidea 

cf. N. aquisgranensis. 

Nuculoidea bellatula sp. nov. 

Plate XIX, figure 4. 

Small triangular shells, astartif orm ; height nearly equal to or shghtly greater than the length. 
Umbones situated typically back of the midheight, and variably directed forward or nearly 
vertical. The posterior (?) end (as determined from analogy with Nucula {Nuculoidea) fomicaia 
Goldfuss, N. (N.) opima Hall, etc.) is high but rather short; the posterior margin descends from 
the umbones and forms the longest margin of the shell; the hindmost extremity is usually below 

1 Jewett collection, Cornell University, No. 7509 (original number ^). From Columbus, Miss. 
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the midheight. The ventral maigm is deeper but short; together with the anteroventral and 
posteroventral portions it includes approximately a semicircle. The ventral extremity is near 
the middle. The anterior (?) margin is faintly concave in front of the beaks. Convexity 
moderate. Surface smoothly roimded; umbones depressed to the hinge line. Greatest con- 
vexity below the umbones and above the midheight. Depth of the single valve equal to one- 
fourth the height or less. Ligament, dentition, and muscular scars unknown. The sculpture 
casts show fine regular concentric lines of growth, which are fairly conspicuous over the middle 
of the body and die out anteriorly and posteriorly. In the type there are 9 or 10 lines in the 
space of 3 millimeters at about 5 millimeters below the beak. There also appear in the typical 
forms two or three distant varicose striae of growth. The type has a height of 10 millimeters 
and a width of 9.5 millimeters. Another specimen is 10.5 millimeters high and 10 millimeters 
broad. 

The distinguishing features of this fossil are the height equal to the length, or greater; short 
and high posterior end, con vexly roimded; umbones prosogyrate to sub vertical; anterior margin 
concave; ventral margin semicircular; moderate convexity; fine bellistriate lines of growth 
with a couple of varicose striae of rest. 

Locality: Chapman sandstone, west side of Edmunds Hill (locality 1099 M), Chapman 
Township, Aroostook Co\mty, Maine. 

U. S. National Museum, catalogue No. 59783. 

Comparisons. — Nucfulmdea belkUula is closely similar to Nucula [Nucidoidea] lodanensis 
Beushausen,^ from the Upper Coblenzian of Rhenish Prussia, but the latter is a trifle wider and 
has a shallower ventral margin and its ornamentation is not bellistriate. In ornamentation 
N. heUatula is similar to Nucula [NtLciiloidea] fomicata Goldfuss, N. [Nuculoidea] sandhergeri 
Beushausen, N. [NucvJoidea] pdmensis Beushausen as figured by Beushausen,^ and N, [Nucu- 
loidea] heUistriata Conrad,' but these species have a different outline. N. fomicata Goldfuss, 
however, approaches it closely but is less elongated vertically. TeUinomya [f Nuculoidea] 
socialis Foerste ' (not Ctenodonta socialis Ulrich), from what has been called the Clinton forma- 
tion in Ohio, is approximately similar to Nuculoidea heUatvla in outline and convexity, but is 
not quite so high vertically. 

Nuculoidea cobdata sp. nov. 

Plate XIX, figure 6. 

Shell small, obliquely cordate; height nearly equal to the length; greatest length, 8.3 milli- 
meters, is across about the inferior fourth; height from beak to middle of ventral extremity 
equal to about seven-eighths the length, or 7.3 millimeters. Beaks only slightly if at all 
behind the middle, directed posteriorly, arching slightly beyond the hinge line. The anterior 
margin is gently convex throughout, nonlimulate, and extends forward and downward at an 
angle between 30*^ and 45° to the anteroventral extremity, where it rounds into the ventral 
margin. The ventral margin is broad and shallow, and its lowest point is at the midlength. 
The posterior outline of the shell is convex below the umbones and also convex distally, but 
concave in the middle, thus producing a heart-shaped outline with the anteroventral end of the 
shell considered as apex. This heart-shaped outline is a little unsymmetrical, the postventral 
lobe being slightly more protuberant than the postdorsal. The shell is of moderate convexity. 
The umbones are not particularly conspicuous. The surface is evenly rounded, except for a 
faint appearance of a narrow truncated strip below the beaks posteriorly, and a steepened slope 
along the anterior margin. The point of greatest depth is at the midlength, a trifle above the 
midheight and slightly in advance of the beaks. The depth of the single valve does not attain 
a fourth the height. Hinge features and muscular scars unknown. 

The sculpture casts show regular, even, "bellastriate" lines of growth, much finer than 
in L, heUatula and upon close examination just visible to the naked eye. About 10 or 11 of 



1 Beoshausen, Louis, Die LameUibranchiaten des rbeinischen Devon: K. preuss. geol. Landesanstalt Abh.,new ser., vol.17, p. 48, pi. 4, flgs. 
6, 7, 1805. 

s Paleontology of New York, vol. 5, pt. 1, pi. 46, figs. 1-0, 1885: "Comlferous'Mimestone of the Ohio and Indiana region. 
* Foente, A. F., Fossils of the Clinton group in Ohio and Indiana: Geology of Ohio, vol. 7, pt. 2, p. 563, pi. 37, fig. 12, 1895. 
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these fine raised lines may be counted in a width of 2 millimeters; 5 millimeters from the beak. 
Two or three distant obscure varices, or impressed striae of rest, are also discernible. 

The distinguishing features of this fossil are the gently roimded anterior (?) margin; the 
concave posterior ( ?) margin; broad, shallow ventral margin; high form with height nearly equal 
to the length; moderate convexity; and very fine bellistriate surface markings. 

LocaUty: Chapman sandstone, loose on Edmunds Hill (locality 1099 C), Chapman Town- 
ship, Aroostook Coimty, Maine. 

U. S. National Museum, catalogue No. 59784. 

Comparisons. — This species is similar in size and high trigonal outline to Nuctdoidea trigondlef 
also found on Edmimds Hill, but is easily distinguished by having a convex anterior margin 
and concave posterior margin instead of both margins straight. Nuculoidea cordata resembles 
Ledopsis perobliqua Beushausen ^ in the high trigonal outline and general outline of the margins, 
but in the German species the posterior or concave outline is vertical and the beaks are farther 
posterior. Nucvla (Nuculoidea) varicosa Hall,' another member of the group of NucuUndea 
OrquisgranensiSj has the high outline of N. cordata, but differs in the greater size and stronger 
convexity; moreover, like Ledopsis perobliqua Beushausen, it has the beaks farther back. The 
remaining and typical forms of the group of Nuculoidea aquisgranensis are lower, more trans- 
verse shells. 

NucuLomEA cf. N. aquisgranensis (Beushausen). 

Plate XIX, figure 7. 

cf. 1895. Nucula n. sp. aff. N, aquisgranensis. Beuahausen, Die Lamellibranchiaten des rheiniBchen Devon, p. 56, 
pi. 4, fig. 16. 

Lower (?) Coblenzian: Laubach Valley, Pnisaia. 
cf. 1895. Nucula aquisgranensis. Beushausen, idem, p. 56, pi. 4, fig. 25. 

Stringocephalus limestone (Meso-Devonian) : Breiniger Mountain, near Aachen, Gennany. 

A species very close to Nuculoidea aquisgranensis (Beushausen) is represented in the Chap- 
man fauna by a single specimen, of which, unfortimately, the umbonal and dorsal region is 
broken away. The specimen represents a small left ( ?) valve, 10 millimeters long and probably 
about 7.5 millimeters high, of veneriform outline, like Beushausen's N, a^isgranensis and Hall's 
N. diffidens, especially the former. The muscular scars are preserved; that at the larger 
(anterior) end is sUghtly the larger. The paUial line is simple. The lines of growth are strongly 
marked but not quite bellistriate. The specimen is moderately convex. 

Locality: Chapman sandstone, west side of Edmunds Hill (locality 1099 M), Chapman 
Township, Aroostook County, Maine. 

U. S. National Museum, catalogue No. 59785. 

Nuculoidea trigonale sp. nov. 

PlateXIX, figiireS. 

Outline subvertical, triangular, with the height a little less than the length. The greatest 
length, 8.3 millimeters, is across the postventral and anteroventral extremities near the base 
of the shell; the height, from beak to middle of ventral margin, is 7 millimeters. The beaks 
are depressed to the hinge line, inconspicuous, narrow, and directed posteriorly (?). The 
anterior margin is straight from the beaks to the antero-ventral extremity, and is directed at 
an angle of 45"^ with the vertical; it is, equal in length to the height of the shell. The posterior 
margin is also straight to the postventral extremity; it is nearly as long as the anterior margin 
and makes with the latter an angle of 80°. The ventral margin is symmetrically arched, with 
the lowest point at the midlength. Surface evenly rounded, except that along the upper 
posterior margin the surface is truncate. The shell is of moderate convexity, the depth of the 
single valve equal to less than one-fourth the height. The point of greatest depth is slightly 

1 Beosbauaen, Ixmls, Beitr&se nir Kenntnfss des Oberharzer Spiriferensandsteiiis: Abh. geol. Specialkarte Preussen, vol. 0, pt. 1, p. 93, pL6^ 
fig. 18. 1884. 

* Hall, James, Paleontology of New York, vol. 5, pt. 1, p. 319, pi. 46, figs. 13-23; pi. 93, fig. 4, 1885; Hamilton group of New York. 
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above and behind the middle. The umbones are depressed to the hinge line. Hinge features 
unknown. Muscular scars not impressed. The sculpture casts show very fine '*subbellistriate'' 
lines of growth, hardly visible to the naked eye and much fainter than in N, beUatula. As in 
that species, these fine lines are interrupted by a couple of distinct, coarse striae or varices of rest. 
The type is 8.3 millimeters long and 7 millimeters high. Another imperfect specimen is of about 
the same size. 

Locality: Chapman sandstone, west side of Edmimds Hill (locality 1099 M), Chapman 
Township, Aroostook Coimty, Maine. 

U. S. National Museum, catalogue No. 59786. 

Comparisons. — This species agrees in outline, ornamentation, and depressed convexity with 
NucuUndea ( ?) putiUa (Clarke),^ from the Silurian of the Rio Trorabetas, Brazil; but the Brazilian 
and Maine shells have the greatest depth on respectively opposite sides of the beak. The *^ small 
central, subtriangidai; tooth and socket" in the hinge on the Brazilian internal molds, as described 
and figured by Clarke, may possibly represent the cartilage pit of Nucula and Nuculoidea. 
An imdescribed species of Nuculoidea of sinular triangular outline, from the Hamilton forma- 
tion at East Berne, Albany County, N. Y., is more globular or inflated and has slight differences 
in the details of outline. Nuculoidea tvigonale also recalls in general appearance Paleoneilo 
hrevicula Clarke,* from the higher Portage formation (Neo-Devonian) of western New York; 
but Clarke's species has the postventral emargination characteristic of PaleoneUo. Ledopsis 
irigona Beushausen ' has the characteristic Nuculoidea outline. It is distinguished from N, trigo- 
ndU by being more gibbous and having the beaks more nearly central. 

Supertanuly PTERUCEA DalL 
Family PTERINEIDiE DaD. 

Genua PTBBINEA Ooldfuaa and allied genera. 

The difficulties in nomenclature encountered in attempting to classify the fossils of the 
Chapman fauna falling under the general definition of Pterinea were so complex that it was 
found necessary to revise the original conception of the genus and to redistribute the original 
species included by Goldfuss under the name, erecting new genera for the distribution of well- 
known species which differ from the true Pterinea.* In this revision the first species mentioned 
by Goldfuss, Pterinea Isevisy was retained as the type of the genus Pterinea Goldfuss s. str., and 
the following diagnosis of characters was formulated: 

1. Hinge line long. 

2. Valvee equal in circumference but unequal in convexity; the left valve always convex, the right valve in 
earlier stages of growth convex, but less so than the left, becoming flat or concave (reeupinate) at maturity. 

3. Ears well developed, more or less distinctly differentiated from the body of the shell, reaching to or in front 
of the anterior edge of the body of the shell. 

4. Wings more or less distinctly differentiated from the body, flattened, reaching posteriorly as far as the extreme 
posterior margin of the shell. 

5. Body of the shell with its longer axis produced ventrally at a considerable angle from the hinge line. 

6. Posterior muscular scar distinct, large, and more or less sharply impressed in the shell wall. 

7. Anterior muscular scars small and generally strongly impressed, situated on the ear, not body, of the shell. 

8. Ligamental area well defined and longitudinally striate. 

9. Posterior lateral teeth (or tooth) distinct, elongate, and situated at or near the junction of wing with the body 
of the shell. 

10. Anterior cardinal teeth distinct, short, separated from the lateral teeth, and inclined at large angle from 
hinge line. 

11. Suriace smooth, with concentric growth lines and radial lines or ribs. 



1 Clarke, J. li., The SQuiian foiina of the Rio Trombetas: lius. nac. Rio de Janeiro Arch., vol. 10, pi. 2, figs. 10, 11, 1899 (author's English ed., 
p. Id, 1900); described as AnodorUopHs or Sliuka putilla. 

* Clarke, J. li., The Naples fauna In western New York: New York State lius. liem. 6, pt. 2, p. 425, pi. 15, fig. 16, 1904. 

I Beushausen, Louis, Beitr&ge zur Kenntniss der Oberhaner Spiriferensandsteins und seiner Fauna: Abh. geol. Specialkarte Preussen, vol. 6, 
pt. 1, p. 93, pi. 4, fig. 11, 1884. 

« Wmiams, H. S., On the revision of the mollusk genus Pterinea GoldfUss: U. S. Nat. Mus. Proc., vol. 34, pp. 83, 90, 1908. 
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The type species of the genus, Pterinea laevia Goldfuss, was found in the Coblenzian at Ems, 
Germany. The Ordovician species, Pterinea demissa Conrad and Avicvla ampliaia Phillips, 
seem to belong to the genus Pterinea as emended. These shells resemble Leiopteria Hall/ 
but that genus has the right valve convex throughout life, though less so than the left, and 
has the ligament thin and nonstriated, or with only a single groove (canaliculate). Pterinea 
as restricted also resembles more or less closely Leptodesma Hall and Pteronites McCoy, but 
these genera are edentulous, or have a single posterior lateral tooth close tmder the ligament and 
not oblique to the hinge. Pteronitella Billings is also smooth, like Pterinea s. str. ; but, like 
Leiopteria, it is biconvex and with different dentition. 

The genus Micropteria Freeh ' was proposed for a subdivision of Goldfuss's genus, which 
differs from Pterinea Isevis and Pterinea s. str. in having the left valve more deeply inflated 
and in having a less definable anterior ear. PteriTiea ventricosa Goldfuss is the genotype of 
Micropteria Freeh. In ornamentation, dentition, convexity, etc., Micropteria conforms with 
Pterinea. 

The radially ornamented shells which have hitherto been confounded with Goldfuss's 
genus Pterinea have been distributed for the most part among Tolmaia Williams, FollmanneUa 
Williams, Actinopterella Williams, and ComeUites Williams." 

The genus Tolmaia WiUiams was proposed and defined to include finely radiate forms like 
Pterinea lineq^ Goldfuss; it corresponds to Freeh's '^gruppe der Pterinea linsaiaJ^ In erecting 
the genus, Freeh's original definition was closely followed. 

In the '*gruppe der Pterinea ventricosa^' Freeh included a form to which he gave the name 
P, ostreiformis. A more distinctly ornamented related shell is represented by the species 
Pterinea mainensis Clarke,* from the Moose River sandstone of northern Maine, and this 
species was taken as the type of a genus for which the name FoUnmnnella was proposed, in 
appreciation of the valuable contribution made by Dr. Otto FoUmann in elucidating the charac- 
ters of the Pterineas. FollmanneUa was based on the backward sweep or recurving of the 
body of the shell in old individuals, a character well developed in some of the more recent 
OstreidsB. 

After such radially lined forms as P. lineaia Goldfuss were provided for by the erection 
of the genus Tolmaia, it was found that the faunas of Maine contain an important set of similar 
species, both valves of which are imiformly convex, the right valve lacking the resupination 
characteristic of Tolmaia and the typical Pterinea groups. The genotype described under the 
name Pterinea radialis Clarke is from the Chapman sandstone. 

In this dissection of the heterogeneous Pterinea of Goldfuss and authors still another 
distinct group was recognized, to which Freeh called attention in discussing his ^'gruppe der 
Pterinea costaia.'* In erecting the genu? ComeUites for this group, Pterinea fasdcvlata Gold- 
fuss was chosen as the type, with the hardly distinguishable Pterinea jlaheUa Conrad as an 
American cotype. The most conspicuous feature of ComeUites is the coarse, usuaUy unequal 
ribbing on the left valve. 

The genus Pterinea and the famUy Pterineidse Dall, to which it belongs, are beUeved to 
be restricted in range to the Paleozoic. All the species of Pterinea are dimyarian (hetero- 
myarian) ; the anterior adductor scar is smaUer than the posterior, but both are distinct in adult 
shells. The closely aUied genus Avicula Bniguifere (=Pteria ScopoU) is monomyarian in adult 
shells, though the young shells exhibit an anterior adductor scar, which disappears with age. 
In young forms both Avicula Bruguifere and Pterinea Goldfuss s. str. are biconvex, though the 
left valve appears to be generaUy the more strongly convex. With age the right valve of Pteri- 
nea becomes resupinate. This resupinate character of the right valve is observed in Pterinea, 
Micropteria, Tolmaia, FollmanneUa, and ComelUtes, but the genus Actinopterella is biconvex 
throughout Ufe. 

» Hall, James, Paleontology of New York, vol. 5, pt. 1, p. xiil, 1885. 

« Freeh, Fritz, Die devonischen Aviculiden Deutschlands: Abh. geol. Speclalkarte Preussen, vol. 9, pt. 3, p. 80, 1891. 

a Williams, H. S., op. cit,, pp. 86-«9. 

* Clarke, J. M., Some new Devonlc fossils: New York State Mua. Bull. 107, p. 201, 1907. 
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Genus FOLLMANNBIJjI. WiUiamB, 1908. 

In Follmannella are included the following hitherto described species: 

FoUmaniulla mainensis (Clarke), genotype. 

Actinopteria {Pterinea) fronsacia. Clarke, Some new Devonic foesils: New York State Mus. Bull. 107, pp. 198, 201, 
1907. Gaspe Basin, Quebec; Delos Lake dam and Mooeehead Lake, 7 miles nordi of Kineo, Maine. 

Pterinea ostreiformis, Freeh, op. cit., p. 98, pi. 11, figs. 9-9c. Spirifer cultrijugatw zone, in the Eifel, on the moun- 
tain opposite Liflsingen, not far from Gerolstein, Germany. 

Avicula sp. Kayser, Die Fauna des Hauptquarzits und der Zorger Schiefer des Unterharzes: E. preuss. geol. Landee- 
anstalt Abh., new ser., vol. 1, p. 18, pi. 8, figs. 1, la, 1889. Lower Eo-Devonian of the Harz Mountains (the 
Cloister grounds near Michaelstein). Included in Follmannella because Freeh identified the shell with Pterinea 
ostreiformis, though it seems to be rather a shell of the type of Limopteria {Paropsis) chevanus. 

Actinopteria humboldti. Clarke, The Paleozoic faunas of Para, Brazil, pt. 2, Devonian Mollusca: Mus. nac. Rio de 
Janeiro Arch,, vol, 10, pi. 5, figs. 3, 7, 11, 12, 1899 (Author's English ed., p. 47, 1900). Lower Coblenzian fauna 
of Rio Maecuru. 

Avicula obliquata. Hall, Paleontology of New York, vol. 3, p. 285, pi. 51, figs. 9, 10, 1859. Pentamerus limestone of 
the Lower Helderberg group: Schoharie County, N. Y. 

Pterinea correcta. Barrande, Systftme silurien du centre de la Boh^me, vol. 6, particularly pi. 356, figs. 14-22, 1881. 

Pterinea obsequens, Barrande, idem, particularly pi. 357, fig. 26. [The other figures, of smaller shells, show hardly 
any recurvation and indicate that the recurvature in this species \b an adult or senile character. The preceding 
species, P. correcta Barrande, is in the young state apparently similar to P. obsequensj as may be determined from 
the lines of growth in mature shells. Pterinea cuneata Barrande (op. cit., pi. 356) is a shell of the same type and 
is apparently not at all recurved. The shells passing under these three names occur together and are apparently 
modifications of the same specific t3rpe, showing that in these Silurian early members of Follmannella the recur- 
vature is perfectly attained only at maturity. The species are from ^tage E'.] 

Avicula danbyi, McCoy, Systematic description of the British Paleozoic rocks and fossils in the Geological Museum 
of the University of Cambridge, in Sedgwick, Adam, and McCoy, Frederick, British Paleozoic rocks and fossils, 
p. 258, pi. 1, figs. 11-15, 1852. [The species is abundant in the greenish Upper Ludlow quartzites of Benson Knot, 
Kendal, Westmoreland. It ia like the Bohemian Silurian species, recurved only slightly and only in older shells. 
The three Silurian species here referred to Follmannella are not very charactericrtic forms, being variable with 
regard to the recurvature, which becomes more ^xed in the Devonian forms. The SUurian shells also have the 
ribs rather stronger than in the typical forms of the group. Follmannella danbyi occurs in the late Silurian of 
the Cobscook Bay region at Whiting, Falls Point, Dennysville, Long Cove, Horan Head, etc., Washington County, 
Maine.] 

Leiopteria rafinesquii (not Hall). Walcott, Paleontology of the Eureka district [Nevada]: U. S. Geol. Survey Mon. 8, 
p. 166, pi. 5, fig. 10, 1884. Lower Devonian limestone: Brush Peak and Atrjrpa Peak, Eureka district, Nev. 

These shells are all of moderate or depressed convexity, with more decidedly explanate 
nmbone than C!ornollites. The right valve is resupinate and, on the whole, concave or flat. 
The anterior auricular portion is fairly well developed but hardly separable from the body by 
any definable byssal sinus in typical forms. The shells are large, and the two typical species, 
Follmannella mainensis and FoUm^mneUa ostreiformis, Freeh, are among the largest Paleozoic 
lamellibrahchs known. Each one of the species is usually decidedly larger than any of the 
other pterinoids in the fauna in which it occurs. 

The shell structure in the typical species, FoUmanneUa mainensis, is also characteristic; 
the main mass of the shell is strongly lamellar or concentricaDy foliaceous, with the radial 
striae confined to an outermost thin layer. Freeh's figure of P. (F.) ostreiformis indicates a 
similar shell structure. 

Follmannella mainensis (Clarke). 

Plate XVI, figures 1-6; Plate XVII, figures 1-11. 

?1907. Aviculopecten aids. Clarke, New York State Mus. Bull. 107, p. 195, fig. 

Lower Devonic: Moosehead Lake, 7 miles north of Kineo, Maine. 
1907. Aviculopecten flammiger (pare?). Clarke, idem, p. 196, left-hand figure only. 

Lower Devonic. Askwith Siding, Misery Stream, and Moose River, Maine. 
1907. Pterinea mainensis (pars?). Clarke, idem, p. 201, figs. (?except lower right-hand figure). 

Lowep Devonic. Telos Lake dam and Moosehead Lake, 7 miles north of Kineo, Maine. 
1907. Pterinea radialis (pars). Clarke, idem, p. 207, lower figures only. 

Lower Devonic. Matagamon Lake and elsewhere in Somerset County, Maine. 

This species is abundant in and characteristic of the Moose River sandstone of Somerset 
County, Maine, and probably occurs also at Gaspe, Quebec. Shells of this type do not occur 
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in the Chapman sandstone fauna. The mature shells are easily recognized by their large 
size, depressed convexo-concavity, recurvature, numerous radial lines, and foliaceous shell 
structure. 

Outline obliquely rhomboid, with the lower half prolonged backward in mature shells. 
Height nearly but not quite equal to the length; the proportion of height to length varies be- 
tween 8 : 9 and 2 1 : 22. Greatest height at about the posterior extremity of the hinge. Hinge line 
long and straight, continuous on both sides of the beak, generally not more than four-sevenths 
the length of the shell, rarely exceeding five-sevenths the length except that in younger indi- 
viduals which have not attained the recurvature the hinge line may be equal to the length of 
the shell. The posterior wing, though distinctly developed, is comparatively smaU and some- 
times not sharply demarcated from the body; it includes an angle of about 25°. The pos- 
terior margin of the wing is deeply concave; the lower half curves upward and forward; the 
upper half recurves to the rear and meets the hinge at an angle of 45° to 65°. The anterior 
auricidar portion is large but because of the almost total lack of any definable byssal sinus is 
not conspicuously demarcated from the body of the shell. The byssal sinus is extremely faint, 
being represented by an obscure constriction of the upper anterior margin slightly below the 
hinge line. The body of the shell is large and includes at the umbones an angle of over 70°, 
occasionally as high as 90°. The beaks do not protrude appreciably above the hinge line and 
are directed upward and slightly forward; they are commonly situated between the anterior 
one-third and three-eighths the length of the hinge, generally nearer the latter, occasionally 
at about the midlength of the hinge line. The oblique height or axis of the body is about 
equal to the length of the shell, sometimes slightly less, but is decidedly greater than the oblique 
or transverse width of the body. 

In mature shells the forward extremity of the shell is on the auricular expansion, only 
slightly in advance of the anterior margin farther down. The anterior margin is gently curved 
in the upper half, at an angle of 80° to 85° with the hinge line, and swings in a broad catenaric 
quarter circle into the ventral margin. The ventral margin is strongly convex, with the lowest 
point directly below or slightly in advance of the posterior hinge extremity; thence arching 
strongly upward, then forward. The posterior margin of the body is paraboloid, much more 
deeply convex than the ventral margin; the upper posterior margin of the body extends far 
forward at a very acute angle Gess than 45°) to the hinge line. In mature shells the posterior 
portion of the body is well behind the posterior hinge extremity. In the young shells the 
contours are quite different and exceedingly variable in outline; there is some variability of 
course in the old shells, but the backward recurvature is a common character at full maturity. 
The depressed-convex form is characteristic. The umbonal region on the body is moderately 
convex, but the convexity of the main surface of the body is very sUght. The slope forward 
over the auricular portion is generally slightly concave, but there is no sharply definable byasal 
sinus on the surface. The ear is depressed convex. The wing is concave and nearly but not 
quite ''flat," in the plane of the margin. The right valve is depressed convex on the umbo, 
which is lower than that of the left valve, but concave over the greater portion of the surface; 
as a whole, the right valve is slightly concave fitting up into the cavity of the left valve. The 
body cavity of the shell, between right and left valves, is apparently very slight, being less 
than one-sixth the height of the valves. 

Ligamental area broad and striated. 

Cardinal teeth, about four in each valve; the foremost is slightly the stronger. The second 
and third cardinals in the right valve are generally united above in a narrow inverted V, or tend 
so to imite. The cardinal teeth are narrow ridges directed radially, parallel to the oblique axis 
of the shell. There is a single strong posterior lateral tooth in the left valve situated at the 
junction of the wing with the body. In the right valve there is a still stronger radial ridge or 
posterior lateral tooth underlying that of the left valve, and a fainter ridge above it. The 
anterior muscular scar is situated on the ear at the junction with the body. It is very deep 
and well marked and is underneath and in front of the foremost cardinal tooth. Two very 
small umbonal scars are also present at the apex of each valve; the posterior scar is a Uttle the 



MOLLUSC A. l8i 

higher. The posterior adductor muscular scar is very faint and indistinct in all the specimens 
examined. It appears, however, to have been large. It is situated at the extremity of the 
posterior laterals, mostly on the body of the shell. The shell structure is characteristic in these 
fossils, which are readily recognized by the foliaceous laminae of which the bulk of the shell sub- 
stance is composed. These laminae are black, indicating a high organic content; they are con- 
centric and without indications of the radial ornamentation, which is confined to an outermost, 
thin, membranaceous layer. Hence, unless this outer layer is present the shell appears to be 
only concentrically ornamented. Compare AvicfiiUi iFoUmanneUa) obliquata Hall (op. cit.), 
the internal mold of which, likewise, appears to be only concentrically marked, whereas the 
exterior is radially ornamented. No microscopic sections have been made. 

The surface ornamentation consists essentially of more or less imequal radial Unes on the 
body of the left valve, crossed by concentric striae of growth; these striae are closer together and 
more prominent on the wing, where they furnish the dominant ornamentation. On the forward 
part of the body, near the anterior margin and on the ear, the radial lines are absent, this por- 
tion of the shell being marked only by concentric lines. The radial lines vary considerably in 
size and arrangement. Plate XVII, figm^e 3, shows a specimen with dose subequal radial 
lines; Plate XVI, figure 1, shows a similar closely lineate form, but here the radial lines are 
unequal, a finer Une being intercalated between two normal lines. UsuaUy an intermediate 
radial line is developed between each adjacent pair of primary lines and occasionally a still finer 
single line appears on one or both sides of this intermediate one. No one type of radial orna- 
mentation is dominant; the same shell may have in one portion several lines subequal, whereas 
in another portion an intermediate line may be intercalated between each two primary Unes, in 
still another portion there may be an even finer lineation on one or the other side of the inter- 
mediate lines, and occasionally such a third fine Uneation may be observed on both sides of the 
intermediate lines. In all the specimens observed the radial lineation begins to fade over the 
middle of the body, toward the front, and near the upper anterior margin no radial lines are 
discernible. This portion of the surface is covered with faint concentric striae, which are most 
conspicuous and best developed on the ear. 

The wing is marked by concentric coarse striae or fine wrinkles; a few very faint, thin radial 
lines may be observed on the wing in the best preserved specimens, but ordinarily the wing 
appears to be only concentrically marked.* In some specimens there is an impressed line and 
abrupt change of ornamentation which causes the wing to be sharply demarcated from the body. 
In other shells this impressed line is absent and the wing is less abruptly demarcated from the 
body. The concentric lines on the wing also cross the body, where they are well developed but 
commonly subordinate to the radii; occasionally, in areas on the body of the shell, the concen- 
tric lines may be as strong as the radial. Ornamentation of the right valve unknown. 

The species is large for a pterinoid shell, the specimen figured in Plate XVI, figure 5, being 
65 miUimeters high and 80 millimeters long. This is an unusually broad variety. Fragmente 
of still larger specimens have been observed. 

The posterior reciu'vature is a constant character in mature specimens of the species and 
occurs occasionally in some smaller specimens. In general the recurvature in Jjroung shells is 
not so well defined, frequently there is not the sUghtest indication of it. 

The variabiUty in width is shown by the narrow shells illustrated in Plate XVI, figures 1 and 
3, and the wider shells illustrated in Plate XVII, figures 1 and 2. Plate XVI, figure 5, shows 
an unusually wide or elongated shell, which is also decidedly more strongly convex than any 
other specimen, and the anterior margin differs somewhat by being protuberant in the middle. 
Such specimens may perhaps, in large coQections, prove to be a distinct variety or species. 

For the specific name I have adopted mainensis Clarke, in spite of the fact that in Clarke's 
text descriptions of both Avictdopecten aids and A. flammiger Clarke precede that of Pterinea 
mainensis, for the reason that under the name Pterinea mainensis is given the first full descrip- 
tion and illustration of the typical and especially the adult or mature, normal form of the species. 

1 Since the above description was written I have seen an unusually clean extonal mold that shows the surface TnarWingni^ in perfection and 
indicates the occunence of fine radial lines on the wing. 
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The form caJled Avicidopecten aUcis Clarke is not quite mature and the figure represents the shell 
with no visible anterior wing. Under Aviculopectenjlammiger Clarke two species are described, 
and the description applies particularly to a "strongly radiated shell" unlike typical specimens 
of FoUnuinndla mainensis. Finally; owing to the wide distribution of the species in the Moose 
River sandstone of Maine, the name mainensis is particularly appropriate, though of course, 
under the laws of priority, this fact in itself would have no weight. 

Locality: Moose River sandstone, between Parhn Pond and Detroit, Somerset County, Maine. 
The species is abundant in the richly f ossiliferous gritty calcareous sandstone filled with LepUy- 
cmlia fiabeHites (Conrad), CJionetes novuscoHctis Hall var. canadensis Billings, Leptostrophia 
perplana (Conrad), i. hlainviUei (BUlings), ChonostropJda complanaia Hall, and Spirifer mur- 
chisoni (Casteinau). 

U. S. National Museum, catalogue No. 59787. 

Comparisons. — FoUmanneUa mainsnsis closely resembles the German Eo-Devonian FoUr- 
manneUa ostreiformis (Freeh) and from the figures might easily be mistaken for it. Freeh's 
species, however, is a very gibbous shell, whereas the Maine fossil is characteristically depressed 
convex. The anterior margin is more protuberant in F, ostreiformis than in normal F. mainensis, 
but in this respect the Maine shells figured in Plate XVI, figure 5, and by Clarke * approach 
Freeh's species. The German shells also exhibit more profuse cardinal dentition. 

From Actin^pteria (FoUmanneUa) huTnholdti Clarke the Maine fossil differs in having a much 
larger auricular expansion and the beaks not so anterior; the shell is larger and the ornamenta- 
tion finer. 

From Hall's Avicvla (FoUmanneUa) obliqiiata FoUrruinneUa mmnensis may be distinguished 
by its finer and mdre abundant radii, a character that will also serve to distinguish the 
Maine shell from the other Silurian species, as well as from FoUmanneUa fronsada (Clarke), 
which occurs in the Gaspe fauna at Gaspe, Quebec, and in the Moose River sandstone of Somerset 
County, Maine. 

. Two of Clarke's figures, one of Pterinea radidlis,^ from Matagamon Lake, Maine, and one of 
Aviculopecten Jlammigerj^ show forms that very closely resemble young shells of FoUmanneUa 
fronsada. 

Genus ACTINOPTERELLA wmiaxnB. 

Several species of a group of radiately lined pterinoid shells occur in profusion in the Chap- 
man sandstone f aima. The generic characteristics of this group are the numerous radiate lines 
on the surface and the convexity of both valves, the latter feature distinguishing it from Tolmaia 
and allied pterinoids, in which the right valve is resupinate or concave in adult shells. The 
presence of both cardinal and lateral teeth distinguishes the group from Actinopteria HalL The 
lateral teeth, however, are close to the hinge line, and in this respect also the shells differ from 
the pterinoids, in which the posterior lateral teeth are on the border between wing and body. 
To this group the generic name ActinbptereUa was- applied.* It was founded upon the specific 
form named Pterinea radialisj by Clarke,* and figured in his first and second figures but not in the 
third and fourth, which represent FoUmanneUa mainensis and probably FoUmanneUa fronsada 
(Clarke), respeitively. 

The diagnosis of the genus includes the following characters: 

1. Size small; length not over 35 millimeters. 

2. Shape of shell, oblique pterinoid, with posterior wing and anterior ear both developed. 

3. Both valves strongly convex; left valve ventricoee with narrow oblique body; right valve convex from beak 
to ventral mau^n, generally less convex than left valve, but not becoming resupinate with niaturity; rarely nearly 
equivalve. 

4. Umbones slightly protruding beyond hinge line. 

5. Ligamental area well developed, striated. 

6. Cardinal teeth present; three or four in number. 



I Clarke, X. M., Some new Devonte foesils: New York State Mus. Bull. 107, p. 201, left-hand figure, 1907. 
> Idem, p. a07, lower left-hand figure. 

* Idem, p. 196, right-hand figure. 

* Williams, H. S., On the revision of the moUusk genus Pterinea Goldfuas: U. 8. Nat. Mus. Proc., vol. 34, p. 87, 190S. 

* Clarke, J. M., op. cit., p. 207. 
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7. Lateral teeth (or tooth) well developed and close to ligamental area, not on the margin of body and wing. 

8. Anterior muscular scar small and deep, situated on the ear. 

9. Posterior muscular scar obscure, large. 

10. Surface ornamentation, fine or strong radial ribs on body and wing and occasionally on ear of left valve; radial 
libs on body of right valve generally obscure but occasionally strong. 

The well-known Devonian genus Limoptera Hall, of which L. macropiera (Conrad) is the 
genotype, presents some similarity to Actinopterella. Hall's genus includes large, yearly erect 
pterinoids with numerous fine nonfasciculate ribs frequently obsolescent; the two valves are 
normally unequal, and the right valve is frequently convex, though often resupinate. Actin- 
optereUa is distinguished from Limoptera by having the right valve always convex and the 
left valve more gibbous and oblique. In Actinopterella the anterior ear is always conspicu- 
ously developed; it is the foremost part of the shell, and is separated from the body of the shell 
by a vertical sinus. In Limoptera the anterior ear is never well developed ; when present at all it 
is not separated from the body by a vertical sinus, and the forward extremity of the shell is the 
anterior margin of the body rather than the ear. Finally, Limoptera is described by Hall as 
having, in L. macropiera, only two cardinal teeth, and the single posterior tooth is defined as 
"oblique," The dentition of Limoptera is therefore quite different from that of Actinopterella, 
where the single posterior tooth is dose to the hinge line and where there are three to five car- 
dinal teeth. There should be no difficulty in distinguishing at sight the small, oblique, strongly 
eared, biconvex Actinopterella from the large, nearly erect, earless or obscurely eared and 
semiresupinate Limoptera. 

Actinopterella ako resembles superficially the genus Actinopteria,* which was described by 
Hall in 1883 and 1885 to include shells that differ from Pterinea in being biconvex, in having fine, 
numerous radial riblets, and, particularly, in being edentulous and without a well-developed 
striated ligamental area. Of the dozen or more New York Devonian shells described by Hall 
as Actinopteria, the only species known definitely to exhibit this combination of generic char- 
acters is Aclinopteria decussaia Hall. Although Actinopterella agrees with Actinopteria s. str., 
in biconvexity and approximately in ornamentation, size, and general appearance the genus 
Actinopteria Hall s. str. is edentulous and has a linear nonstriated ligament. Most specimens of 
Paleozoic Actinopteria and of pterinoid shells in general appear to be edentulous, owing to poor 
preservation. Specimens showing the teeth are very rare, and those with cardinal teeth are 
exceedingly uncommon. However, a large number of specimens of Actinopteria decvssaia have 
been examined by geologists; the species is everywhere common under diversified conditions 
of preservation id the arenaceous Hamilton formation of eastern New York, the shales of central 
New York, and the calcareous beds of western New York, and in none of these have teeth ever 
been recorded or, so far as known, observed. Large series in the Cornell University collections 
have also been examined during the preparation of this paper. The absence of teeth and con- 
spicuous ligament in A. decussata must therefore be ascribed, for the time being, at least, to 
original absence rather than to poor preservation. 

The genus Actinopterella includes several species among the lameUibranchs of the Chap- 
man faima, and in addition the following species previously described: 

Avicula reticulata Goldfuss (not Hiainger, Sowerby, nor Weller). Freeh, Die devonischen A-viculiden Deutschlands: 
Abb. geol. Speclalkarte Preuasen, vol. 9, pt. 3, 1891. German and western European Meso-Devonian. 

Pterinea lincktroemi. Philippi, Ueber die echte *^ Avicula reticulata Hisinger:" Deutsch. geol. Gesell. Zeitscbr., vol. 
62, p. 561, fig. 2, 1900. [The real Avicula reticulata of Hisinger is shown by Philippi to be an Aviculopecten. Phil- 
ippics species, from the^ilurian of Gotland, seems to be an Actinopterella, though the tight valve has not yet been 
described. On the other hand, the shell figured by Sowerby ^ as Avicula reticulata Hisinger represents a difterent 
genus which has the curvature, ornamentation, oblique posterior lateral teeth, and strong ligament of Tolmaia, 
Gomellites, and Tiogana. This shell, which has been renamed Pterinea ao-iverbyi McCoy,' should probably be 
included in Gomellites along with Pterinea kians McCoy and some similar shells occurring in the Eastport quad- 
rangle, Maine, as should also Actinopteria reticulata Weller,^ although these Silurian species <io not quite attain 
the pronounced coarse ribbing of the typical Devonian Gomellites species.] 

1 Hall, James, Paleontology of New York, yvH. 5, pt. 1, p. 107, 1885. 
s Hurchison, R. I., The Silurian system, pt. 2, p. 614, pi. 6, fig. 3, 1839. 

• Sedgwick, Adam, and McCoy, Frederick, British Paleocoic rocks and fossils p. 263, 1856. 

* Weller, Stuart, Paleontology of New Jersey, Paleosofe faunas, p. 245, pi. 22, fig. 3, 1903. 
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Pterinea tenuistriata, McCoy, op. cit., p. 263, pi. 1, I, fig. 4. [The types are from the Upper Ludlow of Benson Knot, 
Kendal, Westmoreland, but the species is widely distributed in the Ludlow of Brecknockshire, Caermarthenshire^ 
Shropshire, and Westmoreland.] 

Pterinea rhombopsia. Barrande, Syst^me silurien du centre de la Boh^me, vol. 6, pi. 217, box IV, figs. 1-3, 1881. 
Eo-Devonian of Konieprus (6tage F'). 

AvicuJa {Pterinea) confortans, Barrande, idem, pi. 218, figs. 11, 12, 15, 16, 18. Eo-Devonian of Konieprus (6tage F^). 

A^ncula textUis. Hall, Paleontology of New York, vol. 3, p. 288, pi. 52, figs. 9, 10 (?); pi. 53, figs. 2, 3, 5, 7, 10, 1859. 
[This Helderbergian shell has the ligament broad and striated. According to Weller ^ the right valve is convex 
No teeth have yet been obstdrved, but the species is apparently an Actinopterella.] 

Actinopteria boydi (Conrad). Acad. Nat. Scl. Philadelphia Jour., vol. 8, p. 237, 1842. Hamilton, Madison Coimty, 
N. Y. Upper Silurian shale. 

Actinopteria tenuistriata. Hall, Paleontology of New York, vol. 5, pt. 1, p. 120, pi. 84, figs. 5, 6, 1884. Ithaca shale 
member of the Portage formation. [Described by Hall as having the *' right valve smaller, nearly equally con- 
vex," compared with the left valve. Such apparently convex right valves are not unconunon near Ithaca, but 
the specimens are incomplete and small; the right valves at matiurlty, when complete, are resupinate in front. 
If Hall's A. tenuistriata is a mature shell with the right valve really convex throughout it belongs to the genus 
Actinopterella.] 

A few Meso-Devonian or Neo-Devonian species from Freeh's, groups of AvicyJa reticulata, 
Avicula wurmi, and Avicida marise may belong to Actinopterella, in addition to Avicula reticulata 
Goldfuss (not Hisinger). 

The genus Actinopterella is first recognized in the Ordovician and ranges through the 
Silurian and Lower and Middle Devonian. 

No species of Actinopterella is at present known above the middle Neo-Devonian (the 
Ithaca shale member of the Portage formation), and there is doubt as to the certain occurrence 
of the genus as high as the Neo-Devonian. The greatest known development of Actinopterella 
is in the marine beds of Upper Ludlow age in Great Britain, in the Baltic province, and in the 
Chapman sandstone, of late Helderbergian age, in Aroostook County, Maine. In the early and 
typical Actinopterella the radial markings on the body of the right valve are nearly as strong as 
on the left valve. In such Meso-Devonian forms as A. hoydi (Conrad) radial markings in the 
right valve are confined to the wing, the body being nearly or quite smooth. The boydi type 
also occurs in the Silurian. 

Actinopterella kadialis (Clarke). 

Plate XV, figures 1-17; Plate XXIII, figures 6, 8, 9, 11-13. 

1907. Pterinea radialis (pars). Clarke, New York State Mus. Bull. 107, p. 207, upper figures only; lower right-haod 
figures are Follmannella mainensis (Clarke). 
Lower Devonic: Presque Isle Stream, Chapman Township, Aroostook County, Maine (not '^Matagamon Lake 
and elsewhere"). 
1907. Pteronitella peninsulx. Clarke, idem, p. 212, figs, (internal molds of the right valves of the species). 
Lower Devonic: Presque Isle Stream. Chapman Township, Aroostook County, Maine. 

Outline obliquely rhomboid, obliquity varying from 25° to 40*^ from the perpendicular, 
commonly 30° or a little more. Height less than the length, the ratio varying from 12:13 in 
only sUghtly oblique specimens to 2 :3 in mucronately winged or very obhque specimens. Great- 
est height commonly just back of the middle; in a few very oblique specimens as far back as the 
posterior two-thirds. Hinge line long, continuously straight on both sides of the beak, and 
including the greatest length of the shell. Frequently the hinge Une is prolonged posteriorly in 
a mucronate extension. The posterior end is acutely pointed; the anterior end is rounded. 
Clarke's figure of Pterinea radialis shows the anterior end too sharp. 'The posterior wing is 
large, distinctly developed, concave, and set off from the gibbous body and umbones by a sulcus. 
In the right valve the wing is somewhat less distinctly demarcable from the umbones and body. 
The posterior margin' of the wing is concave ; the lower part of the posterior margin of the wing is 
directed upward and somewhat forward; the upper part is usually directed backward at an angle 
of 40° to 70° with the hinge, or very rarely is nearly vertical. The anterior ear is large, con- 
spicuous, and well developed; rounded; height shghtly greater than the length. The ear is 

1 WeUer, Stuart, Paleontology of New Jersey, Paleozoic fauxias, p. 332, pi. 43, fig. 13, 1903. 
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separated from the body by a broad sinus which extends vertically downward or slightly back- 
ward. The insinuation of the anterior margin reaches half or occasionally as much as three- 
fifths the length of the anterior end of the shell. The front of the ear is obtusely rounded; the 
extreme upper portion curves backward, rounding into the hinge line. The length of the ear 
ranges between one-third and one-half that of the body proper. The body of the shell includes 
at the umbones an angle of less than 60°. The beaks protrude above the hinge line; that of the 
left valve is usually higher than that of the right. They are situated between the anterior 
two-fifths and one-third the length of the hinge Une, and in a few mucronately extended speci- 
mens are only one-fourth the length from the front. The oblique height, or oblique axis, of the 
body is one and one-third to one and one-half times the obUque width of the body, conunonly 
nearer the latter proportion. The forward extremity of the shell is on the ear, below the hinge 
line. The anterior margin includes with the hinge line an angle of about 60° or a little less. 
The ventral margin is deeply convex, nearly semicircular; the lowest point is three-fifths the 
length or more from the front. The posterior margin of the body is convex, with the hindmost 
extremity at the lower third or fourth; the hinge extremity generally reaches in front of this, 
particularly in more oblique specimens, and is frequently directed above it. In mucronate 
specimens the hinge extremity extends a trifle beyond the posterior extremity of the body. 
Both valves are strongly convex throughout. The left valve is ventricose; the right valve 
usually is less convex than the left valve. The umbones are highly inflated and incurved. 
The point of maximum depth of the valves is on the obhque axis of *the body, varying from the 
midheight to the upper quarter, whence the slope is strongly convex over the body of the shell 
toward the anterior sinus and just back of the beak. The depth of the left valve is equal to 
three-tenths the length of the oblique axis. The right valve is a httle less convex but is variable, 
being in some specimens nearly or quite as deep as the left valve. The anterior ear is strongly 
convex. The posterior wing is flattened, concave, nearly in the plane of the margin, and is 
sharply demarcated from the body, especially umbonally. In the right valve the wing is a 
Uttle less flattened than in the left and a trifle less distinctly demarcated from the body. The 
byssal sinus is shallow, broad, and undefined. It is vertical or occasionally slightly inchned 
backward, especially in the more oblique specimens. The ligament is in a narrow, deep 
escutcheon, which is continuous in front of and jj^ehind the beaks. In front of the umbones the 
striated ligament arches upward over the cardinal teeth. The area in the left valve is larger and 
wider than in the right valve and is nearly in the plane of the margin of the valves. In some 
specimens it is marked by three or four wrinkled longitudinal striae. In one or two right valves 
examined the area is similarly striated but is more elevated — that is, not so nearly in the plane 
of the margin.. The margins of the Ugamental strip are parallel. The 'anterior muscular scar 
is small but rather deep. It is situated in front of the umbones, at the base of the foremost 
cardinal tooth, or between the ear proper and the byssal sinus. The posterior scar is several 
times larger than the anterior scar, but is shallower. It is situated partly on the body, but 
mostly on the wing, and is rounded subcircular to quadrate in outUne. The paUial line is feebly 
impressed and simple, but partakes of the broad, shallow insinuation or constriction anteriorly 
in the region of the byssal sinus. Dentition variable in specimens taken irom the same rock 
layer. In the simplest types there are three or four simple cardinal teeth in the right valve and 
four or five in the left. These teeth are narrow radial ridges, slightly inclined posteriorly. 
They may become thickened or ridged, or even divided, in various ways on different shells. 
The cardinal teeth are all situated in front of the umbones. There is a single posterior lateral 
tooth in each valve, situated as closely as possible to the hinge hne and parallel with it for the 
greater length of the tooth. That of the left valve is slightly the longer and stronger and is 
situated below that of the right valve. 

Body of the shell of the left valve marked by low, roimded, flexuous radial riblets, which 
b^in back of the byssal sinus and are most distinct on the posterior half and on the lower 
half of the body. The riblets are equal or subequal in width and strength in most specimens; 
in others a finer elevated radial line is intercalated between two adjacent normal riblets. There 
are from 16 to 32 riblets on the body in different individuals, those in front being very faint 
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and obscure. The interspaces are narrower than the riblets above, but become as wide as 
the riblets, or slightly wider, below. The ribs increase by intercalation, a fine one forming 
between each normal pair and quickly developing to the strength of the rest. The body of 
the shell is crossed by obsolescent concentric lines of growth, including a few somewhat distant 
stronger varices. The wing is too poorly preserved' in the specimens to warrant a definite 
statement that radial ornamentation is altogether absent on this portion of the shell, but if it 
is present it is very much subdued. In the material at hand the wing appears to be smooth 
or marked only by fine concentric lines of growth which may aggregate into low, imdulose, 
obsolescent varices. The ear and byssal sinus are marked only by concentric lines of growth, 
which are highly lamellose and conspicuous on the ear and forward part of the sinus. No 
distinct radial riblets or lines are discernible on sinus or ear. Of about a dozen right valves 
only one shows radial ornamentation anywhere, that one (the best in the collection) having 
one or two extremely faint, short, interrupted, narrow ridges, or exceedingly subdued riblets, 
on the posterior half of the body near the umbones. They are exceedingly obscure and may 
be adventitious.* If the specimens examined by us represent the real conditions, the right 
valve may be regarded as smooth and devoid of radial ornamentation. A couple of the better 
specimens show only fine concentric lines and a few distant, somewhat stronger, imbricose 
varices over the body. These concentric lines converge and become much stronger and more 
imbricose toward the ear and forward part of the sinus, as in the left valve. The wing appears 
quite smooth. 

The laigest specimen in our collection is a shell of less than usual obliquity, 27.5 millimeters 
high and 30 millimeters long along the hinge. The usual size is between three-fourths and 
seven-eighths of that given. The dimensions of the smallest specimen are about two-thirds 
those of the largest. 

The distinguishing characters of this. fossil are its size and outline; the large, well-devel- 
oped, and conspicuous ear, behind which a broad, shallow sinus extends downward or slightly 
posteriorly, causing half to three-fifths of the anterior margin to be slightly insinuated or con- 
stricted; anterior margin inclined about 55° to the hinge; oblique axis inclined 48° to 65°, gener- 
ally about 60°, to the hinge line; the strong ventricosity and protruding umbones, with right 
valve convex, but usually less ventricose than^the left; the ornamentation on the ear and sinus 
consisting only of strong concentric lamellsB; the posterior wing nearly (apparently quite) 
smooth; radial ornamentation consisting of 16 to 32 broad, elevated fines or riblets confined 
to' the body, and especially the posterior half; riblets flexuous, with interspaces narrower or 
at most only slightly wider than the riblets; ribs generally equal or subequal, occasionally 
increasing by implantation and showing rarely strong and weak riblets alternating; right valves 
without radial ribbing. 

Locality: Chapman sandstone, Presque Isle Stream (locality 1099 L), Chapman Town- 
ship, Aroostook County, Maine, where the species is very abundant, there being over 50 speci- 
mens in the material at hand. This form is very distinct from ActinoptereUa aroostooJciy described 
below, which is from Edmunds Hill. 

U. S. National Museum, catalogue No. 59788. 

Comparisons. — In the smooth wing and oar the species is Uke the Helderberg Avicula 
cammunis Hall,^ which is recorded throughout the Helderburg, but it is most common in the 
shaly New Scotland (^'Delthyris'O limestone. Specimens from Albany County, N. Y., show 
a striated ligament. In Hall's species, however, the right valve is resupinate, so that it can 
not be even congeneric with ActinoptereUa radialis Clarke; the ribs are also more distant from 
each other, the ear is smaller, and there are other distinctive features. The British Upper 
Ludlow species ActinoptereUa mesoclathrata (McCoy) conforms with ActinoptereUa generically 
and with A. radialis specifically in outline, convexity, and variability and in having the radial 
ornamentation confined to the body, but its ribs are much finer and more closely set. 

I Compare the right-hand figure of Pteririea (PteroniUlla) incurwUa Clarke, op. cit., p. 210. 

s Hall, James, Paleontology of New York, vol. 3, p. 286, pi. 52, figs. 1-7; pi. 53, figs. 1, i, 6, 1869. 
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AcnNOPTERELLA ARCx>STOOKi (Clarke). 

Plate XV, figures 18-23; Plate XVII, figures 14-16. 

1907. Pterinopeeten arooitoohi. Clarke, New York State Mus. Bull. 107, p. 199. 
Pterinea edmundi, Clarke, idem, p. 203, figs. 
Lower Devonic: Edmunds Hill, Chapman Plantation, Aroostook County, Maine. 

This species closely resembles A. radiaZis in outline and general aspect, but may be dis- 
languished by several particulars. The ribs and their interspaces are somewhat different in 
the two species. In A. aroostootd the posterior wing is distinctly radially ribbed, instead of 
being nearly or quite smooth; the ligament is nearly or quite in the plane of the margin and 
widens posteriorly instead of having the edges parallel; the shell is also strongly ribbed exter- 
nally over the ligament; the radial ribbing extends farther forward, including the anterior 
byssal sinus; and the ear is also more or less distinctly ribbed radially. The right valve is 
distinctly ribbed on the body and over the ligament on the posterior wing. In A. aroostoohi 
the ear is somewhat smaller, the beaks are situated farther forward, and the shell is usually 
less oblique and slightly less ventricose than in A, radioMs Clarke. 

Outline obliquely rhomboid; obliquity varying generally between 24° and 35° from the 
perpendicular, conunonly about 30°, very rarely 45°. Ratio of height to length varying from 
12:13 to 5:8; average about 3:4. Greatest height back of the middle, at about two-thirds the 
distance from front to back.' Hinge line long, continuously straight on both sides the beak, 
and including the greatest length of the shell; frequently pennate posteriorly, but not, so far 
as known, mucronate. Anterior end of the hinge line generally rounded, rarely slightly angular; 
posterior end acutely pointed, rarely rounded. The posterior wing in both valves is large and 
concave, nearly in the plane of the margins, and distinctly demarcable from the umbones and 
body. The posterior margin of the wing is deeply concave; the lower part of this margin is 
directed upward and generally a little forward; the upper part of the margin, which includes 
most of the posterior margin of the wing proper, is directed backward at an angle of 40° to 
60° with the hinge line; rarely as much as 80°. The posterior hinge extremity is conmionly 
pointed; in one or two specimens, rounded. The anterior ear is rounded, moderately well 
developed, usually much higher than long, though in a single right valve it seems pointed and 
about as long as high. The byssal sinus which separates the ear from the body of the shell is 
faintly represented by a slight insinuation or constriction of the anterior margin; this obso- 
lescent byssal sinus is approximately vertical. The length of the ear is from less than one- 
fourth to about one-third that of the body proper. The body of the shell at the umbones 
includes an acute angle, generally 60° or less, very rarely as much as 80°. The beaks pro- 
trude a little above the hinge hne, and that of the left valve is occasionally a trifle higher than 
that of the right; they are situated between one-third and one-fourth the distance from the 
front. The oblique height or oblique axis of the body is equal to one-fourth to one-fifth the 
obUque width of the body. The forward extremity of the shell is on the ear below the hinge 
line. The anterior margin of the shell inclines at an angle of about 60° from the hinge line. 
The ventral margin is deeply rounded, nearly semicircular; the lowest point is about three- 
fifths the length from the front. The posterior portion of the body proper is strongly convex, 
especially in the more obUque specimens, in some of which it forms a deeply inflated catenaric 
or parabolic arch; the hindmost extremity is at the interior fifth or sixth, rarely as high as 
the inferior fourth. The posterior hinge is above the hindmost extremity of the body proper. 
Both valves are convex, the left valve being almost ventricose. The right valve in all the 
specimens examined is decidedly less convex than the left. The unibones are inflated in both 
valves — ^that of the left much more so than the right — and are incurved to the hinge line. The 
point of maximum depth of the shell is situated on the oblique axis of the body in the umbonal 
region, at the upper third or fourth of the height and the, anterior third or two-fifths of the 
length; the slope is strongly convex over aU the body proper and is a little steeper toward 
the anterior byssal sinus and just behind the beaks. The depth of the left valve varies from 
a minimum of about one-fifth the length of the oblique axis to a maximimi of eight twenty- 
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sevenths the oblique length of the shell; commonly between one-fifth and one-fourth. The 
depth of the right valve is about one-sixth the length of the obUque axis. The anterior ear is 
strongly convex. The posterior wing is flat to concave and is wdl demarcated from the body 
in both valves. The byssal sinus is extremely shallow and indistinct and runs nearly vertical 
to the hinge line. 

The ligamental strip is elongate wedge^haped, widening posteriorly, and is nearly in the 
plane of the margin of the valves. It is narrow under the umbones and several times wider at 
the posterior hinge extremity. In sculptm-e casts the surface over the ligamental strip is marked 
by five to eight flexuous, narrow radial riblets, which are usually stronger than any of the others 
on the posterior wing, though much finer than the radii on the body of the shell. • This orna- 
mentation about the ligamental area may possibly represent striations of the ligament, but 
more probably it ia surface ornamentation. There is one posterior lateral tooth in each valve, 
very close to and parallel w4th the hinge line, or inner edge of the ligament. This tooth extends 
about half or occasionally three-fifths the length from beak to posterior tip. The tooth of the 
left valve is underneath the short tooth of the right valve and is longer and stronger, but in 
some specimens a second tooth appears in the right valve, as well developed as that of the 
left valve and below it. The cardinal teeth are represented in the right valve by three or four 
narrow ridges, directed radially sHghtly posteriorly, and situated in front of the beaks, and by 
four or five such ridges in the left valve. The anterior muscular scar is situated on the floor 
of the interior, on the ear, close under the foremost cardinal tooth, and is deep and small. The 
posterior scar is not impressed. The palUal line is extremely faint, and is slightly constricted 
in the region of the byssal sinus. 

The body proper is covered with 16 to 21 simple radial ribs of rather characteristic appear- 
ance.* The ribs extend from beak to front and rise abruptly from the interspaces, which are 
flat or slightly convex; the interspaces themselves, where convex, have the appearance of 
interstitial riblets. The ribs are low and roxmded, almost planicostate; they are wider than 
the interspaces — ^much wider toward the umbones, but more nearly equal to them toward the 
front. Both ribs and interspaces increase in width below. Rarely the ribs increase in number 
by an interspace gradually swelling so as to assimie the character of a rib. There are in our 
collections no conspicuous concentric strisB on the body, but Clarke ^ reports and figiu'es such 
striae. Such concentricafly striate forms may represent a distinct variety. In the left valve 
the obscure radial ornamentation is continued forward over the byssal sinus and becomes still 
less pronounced on the ear, though present in all the better-preserved specimens. Six or seven 
narrow, crowded, obsolescent riblets are discernible on the byssal sinus, and three to five 
extremely faint radial riblets may be observed on the ear in well-preserved external molds; 
but the dominant ornamentation on the ear and byssal sinus consists of closely crowded, imbri- 
cose lines of growth. The posterior wing is distinctly radially ribbed. The riblets on the 
wing are finer, less regular, and less conspicuous than those on the body of the shell. They are 
10 to 12 in number below the hinge line; but above the hinge line, and between it and the 
upper edge of the ligamental strip, a sculptm-e cast shows five to eight additional flexifous 
nurrow riblets similar to those on the wing but stronger, though not so strong as those on the 
body. These five to eight ribs seem to represent surface ornamentation rather than ligament 
wrinkles. The wing is also crossed by concentric lines of growth, much stronger than those 
on the body, where they are hardly discernible in the typical forms. In the right valve the 
radial ornamentation is weaker, but distinctly developed on the body and less distinct on the 
wing. The characteristic ribbing on the upper part of the wing over the ligamental strip is 
equally well developed on both valves. No radial ornamentation has been observed on the 
ear or byssal sinus of the right valve. 

1 Typically illustrated in Clarke's ieft-haad figure of Pterinopecten aroottooki (op. cit.). * Up. cit., p. Id9, right-band Ulustnticn. 
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A series of specimens have the following dimensions: 

Dimensions of specimens of Aclinopterella aroostoohi. 



Height (mm.). 


I^ength (mm.). 


19 


25 


20 


28 


24 


26 


. 19 


24 


16.5 

1 


26.5 



The principal distinguishing features of this species have already been indicated. To these 
may be added the peculiar character of the interspaces between the ribs on the body of the shell. 
These interspaces are usually very abruptly demarcated from the low, neariy planicostate ribs 
and are commonly flat; but a few of them are slightly convex, producing the appearance of 
an intercalated riblet between the broader, principal ribs. Occasionally these convex inter- 
spaces develop into mature or nearly mature ribs. 

Locality: The species is represented in our collections by several dozen specimens from the 
Chapman sandstone, west side of Edmunds Hill, Chapman Township, Aroostook County, Maine 
(locality 1099 M), where it is abundant. Several varieties, based on the variability in obliquity 
of the shell and on slight modifications in ornamentation, may possibly be erected. 

U. S. National Museum, catalogue No. 59789. 

Comparisons. — A. aroostooJd Clarke may be recognized among the Chapman species by its 
peculiar body ornamentation — the radial ribbing continued over the byssal sinus and ear in the 
left valve; the radially ribbed wing; the ribs on the wing increasing in strength about the 
ligamental strip. The radial ribbing is developed in the right valve over the ligamental 
strip quite as well as in the left valve, and is present also on the body, though less distinct. 
The species is distinguished from ActinoptereUa textilis (Hall) by its broader ribs and much nar- 
rower interspaces, and to some extent also by the character of the intermediate riblets, which 
in A. aroostooJd are developed only in spots on the shell, not regularly, and all over the body. 

AcTiNOPTERELLA AROOSTOOKi (Clarke) var. ERECTA var. nov. 

Plate XVII, figure 17. 

cf. 1907. Pterinopecten aroostoohi (pars). Clarke, New York State Mus. Bull. 107, p. 200, left figure only. 
?1907. Pterinea edmundi vnr. subrecta. Clarke, idem, p. 204 (not figured and only incompletely described). 

This shell agrees with ActinoptereUa aroostooJd in the peculiar character of the ornamenta- 
tion — ^broad, low, rounded ribs, abruptly demarcated from the narrower interspaces. Some 
of the interspaces on the posterior half of the body gradually assume the character of inter- 
mediate riblets or ribs. As in ActinoptereUa aroostooJd the wing is radially ribbed; this ribbing 
continues forward faintly over the byssal sinus. The shell is only slightly ventricose, and the 
umbones are hardly protuberant. The variety is easily distinguished from the principal form 
by its very slight obliquity, only about 15° or less from the perpendicular, giving the shell a 
nearly vertical, quadrate expression with the height equal to the length. 

This variety may be identical with the variety subrecta indicated under the Pterinea edmundi 
of Clarke. The latter name represents the more oblique phase of specimens of AcHnoptereUa 
aroostooJd, The sheUs figured as Pterinopecten aroostooJd by Clarke are a trifle less oblique than 
most of the specimens at Edmunds Hill. 

Locality: Chapman sandstone, 2 J miles west of Presque Isle Stream, Chapman Township, 
Aroostook County, Maine; a single specimen. 

U. S. National Museum, catalogue No. 59790. 
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AcTiNOPiERELLA ARoosTOOKi (Clarke) var. planicosta var. nov. 

Plate XVII, figure 13. 

This name is applied to a small left valve, because its ribs are actually flat topped and sep- 
arated from each other by abrupt narrow grooves, rarely wider than half the width of the ribs 
and generally mere slits. In its strongly ribbed byssal sinus and posterior wing and in its 
moderate convexity the shell conforms with ActinoptereUa arooatooTci, from which it appears to 
be only varietally distinct. 

Locality: Chapman sandstone, Edmunds Hill (locality 1099 C *), Chapman To¥naship, 
Aroostook County, Maine. 

U. S. National Museum, catalogue No. 59791. 

Actinopterella concentrica sp. nov. 

Plate XVII, figure 12. 

71907. Pterinea cf . P.fasciculata (not Goldfuae). Clarke, New York State Miis. Bull. 107, p. 204, figs. 
Lower Devonic: Preeque Isle Stream, Chapman Plantation, Aroostook County, Maine. 

An imperfect small left valve in the United States Geological Survey collections from the 
Chapman sandstone of Edmunds HiU represents an interesting species, easily recognizable from 
its peculiar ornamentation, which is characterized by well-defined concentric raised lines on the 
body of the shell, particularly in the wide interspaces between the ribs. These concentric lines 
are also developed across the ribs, though somewhat less strongly, producing a crenulating or 
imbricating effect. The radial lines are low, rounded, axid far apart, especially in the lower 
portion, where they are separated by interspaces two or three times their width. In most 
of these interspaces another intermediate line is developed, and in several specimens there is, 
as in ^. textilis (Hall), a still finer, hardly discernible line between the principal and intermediate 
lines. There are 16 to 20 principal radial lines on the body; they are somewhat more crowded 
on the posterior portion near the wing. Ten or twelve of these lines form the principal orna- 
mentation of the main mass of the body. The posterior wing has faint radial ribs that become 
a little stronger over the region of the ligament al strip. 

Among the other characters of this fossil are its moderate ventricosity; a very long, shallow^ 
ventral margin; large umbonal angle, between 60° and 80*^; slight obliquity, only 25® from the 
perpendicular; and alate wing with pennate extremity, which extends, in the specimen exam- 
ined, beyond the hindmost point of the body. The type shell is of diminutive size and is 
incomplete anteriorly. From the beak to the hinge extremity, exclusive of the anterior end, 
the length is 12.2 millimeters; the height of the shell is 10.3 millimeters. 

Locality: Chapman sandstone, Edmunds Hill (locality 1099 M), Chapman Township, 
Aroostook County, Maine. 

U. S. National Museum, catalogue No. 59792. 

Comparisons. — The above description, drawn up in the winter of 1906, reads almost as if 
it were based upon the specimen figured by Clarke as Pterinea cf. P.fasdculata (not Goldfuss's 
species, which is the genotype of Comellites). Clarke^s specimens, which apparently represent 
the same species, were obtained from Presque Isle Stream, and differ slightly from the typical 
A. concentricaj being more oblique and having a narrower umbonal angle. 

This species somewhat resembles ActinoptereUa aroostooJci in the low, radial ribs, with 
abruptly marked interspaces in the ribbed wing and strong ribbing over the ligamental area, 
and, as shown in Clarke's figure, in the radial ribbing on the body of the right valve. It differs 
from A, aroostooJci in the much more distant ribs, more profuse development of interstitial 
riblets, and especially in the much greater development of concentric lines on the body. These 
lines in typical A. aroostooJci are rarely discernible. The outline also appears to be somewhat 
different, for A, concenirica has a longer and shallower ventral margin. In the widely separated 
radial ribs, and particularly in the development of finer interstitial riblets, the ornamentation 
is very much like that of Actinopterella textilis (Hall);* the two forms also agree in outline, 

1 Hall, James, Paleontology of New York, vol. 3, p. 288, 1K59; compare especially Hall's pi. 52, fig. 9. 
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broad shallow ventral margin, etc., but A. concentrica is a much smaller shell, and its con- 
centric lines on the body are quite characteristic. Nevertheless A. concentrica may prove to 
be only a variety of A, textilis (Hall). 

ACTINOPTERELLA TENUIRADIATA Sp. UOV. 

Plate XVII, figure 18. 

1907. Pterinea mainefims (para). Clarke, New York State Mua. Bull. 107, p. 201, lower right-hand figure only. 
Lower Devonic: Teloe Lake dam and Mooeehead Lake, 7 miles north of Eineo, Somerset County, Maine. 

This is the only species of Actinopterella which has been found in the Moose River sandstone 
fauna of Somerset County, Maine. In this fauna, as contrasted with the late Silurian marine 
faunas of southern Maine and the late Helderbergian Chapman fauna, the genus Actinopterella 
is rare, and the present species is represented by only a single left valve. The species resembles 
A. radialisj of the Chapman fauna, in its prominent ventricosity, obliquity, and vertical or 
posteriorly directed byssal sinus, but it is distinguished by the very fine and more numerous 
radial riblets or lines on the body. 

The type and only specimen is very oblique; the oblique axis is inclined at an angle of 

about 45® with the hinge. Height less than the length; incomplete posteriorly; total length 

probably about 33 millimeters or 1§ times the height. Greatest height far back at the posterior 

third. Hinge line long, continuously straight on both sides of the beak, and equal to the 

greatest length of the shell. Anterior end rounded; posterior end acutely pointed. The 

posterior wing in the left valve (right valve unknown) is large, concave, approximately in the 

plane of the margin of the shell, and distinctly demarcated from the body. The posterior 

margin of the wing is deeply concave, the lower portion directed upward and forward, the 

upper portion directed backward at an angle of about 65° or more with the hinge line. The 

anterior ear is well developed, rounded, slightly higher than long. The byssal sinus which 

separates the ear from the body of the shell is well developed, extends downward vertically 

or a trifle posteriorly, and produces a long constriction of the anterior margin. The body 

of the shell includes at the umbones an angle of 45° or less. The beaks protrude somewhat 

above the hinge line and are situated at the anterior one-fourth the length of the hinge line: 

The obhque height or oblique axis of the body is a trifle less than twice the oblique width of 

the body proper. The forward extremity of the shell is on the ear, just below the hinge line. 

The anterior margin includes an angle of 45° to 50° with the hinge line and is essentially parallel 

with the oblique axis. The ventral and posterior margins of the body are deeply convex. 

Ventral extremity far back, at the posterior third; posterior extrenaity of the body below the 

midheight. Hinge extremity is directly over the posterior extremity of the body or slightly 

farther back. TTie left valve is strongly ventricose. The umbo, the body of the shell, and 

the anterior ear are highly convex, inflated. The posterior wing is abruptly depressed from 

the body, is concave, and lies nearly in the plane of the margin of the shell. The point of 

maximum depth is on the oblique axis, slightly above the midheight. The depth of the left 

valve, 7 millimeters, is equal to more than one-fourth the height. The byssal sinus is well 

developed on the surface, where it is of moderate depth, but it hardly insinuates the front 

margin. The ligament is in a narrow semicylindrical escutcheon, which does not appear to be 

wrinkled or striated in the specimen examined except just back of the umbones, where a 

couple of striations are discernible. The ligamental strip is nearly in the plane of the margin. 

Cardinal teeth not observed. Posterior lateral tooth just below the ligament; single in the 

left valve, deep, rigid, extending to the posterior three-fourths the length of the hinge hne. 

Anterior muscular scar small and deep, situated on the floor of the anterior of the valve, in 

front of the umbones, underneath the place of the foremost cardinal tooth. The posterior scar 

and pallial line are not impressed. 

Surface ornamentation not very distinctly preserved on the specimen, which is a sculpture 
cast. The ornamentation, so far as it is preserved, consists of very fine, narrow, subequal 
radial riblets or lines on the body. At a distance of 12 millimeters from the umbo, just in 
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front of the middle of the body, there are between four and five radial lines in the width of 
1 millimeter. Ear and wing ornamentation indistinct. 

Height, 25 millimeters; length,whon complete, about 33 millimeters; depth of left valve,' 7 
millimeters. 

Locality: Dense blue calcareous Moose River sandstone, Somerset County, Maine (locality 
1100 A). 

U. S. National Museum, catalogue No. 59793. 

Comparisons, — As already indicated, the species is most closely related, among the Maine 
forms, to A. radialisy from which it is distinguished by its very fine, narrower, and more num- 
erous radial lines. ActinoptereUa' tenuiradiata has many features in common with the 
Bohemian AdinoptereUa conforians (Barrande) from an equivalent horizon, the Konieprussian. 
The two species agree in the long, narrow, very oblique body, very fine radial lineation, ven- 
tricosity of the shell, etc.; but the American fossil has more protruding lunbones, a larger 
ear, and a longer and shallower byssal sinus. 

ACTINOPTERELLA Sp. j9. 
Plate XXV, fignree 17, 18. 

This is a very small shell, about 1 .5 centimeters high, nearly erect, with an extraordinarily 
large ear and nearly subcentral beak; right valve convex and usually concentrically striate; 
rarely marked with a few very faint radial lines. The left valve is strongly ribbed over the body. 
The wing of the left valve has a few radial ribs. The radial ornamentation continues faintly 
over the sinus but is not detected on the ear. The shell is ventricose. The byssal sinus is well 
developed and, in the right valve, is accompanied by a deep notch. This small species, which 
may be called Actinopterella sp. ^, closely resembles A. aroostooJci in the peculiar character 
of the ribbing on the body of the left valve and in the subdued extension of the ribbing on the 
wing and over the sinus. It differs from A, aroostoohi in its much larger ear, more nearly sub- 
central beaks, and more nearly erect form; the ligament is highly inclined to the plane of the 
margin, and the ornamentation over the region of the ligament is faint. 

LocaUty: Chapman sandstone, Presque Isle Stream, at end of Tweedy road (locality 1099 
A), Aroostook County, Maine. 

U. S. National Museum, catalogue No. 59794. 

Actinopterella sp. /-. 

Plate XXIII, figures 3, 7. 

This shell, which is represented by crushed and imperfect specimens, may possibly be the 
mature stage of Actinopterella sp. /?, which it resembles in ornamentation, ligamental structure, 
and ventricosity; it differs, however, in being larger and more oblique and in having the beaks 
more anterior. The height is from 2 to 3 centimeters. Several of these shells show ornamenta- 
tion similar to that of A. teztilis (Hall),^ but in Actinopterella sp. y intermediate riblets occur 
sparsely and irregularly, not uniformly as in ^. textilis. The species may be distinguished 
from A. radidlis by its more distant ribs and more distinctly ribbed wing. 

Locality: Chapman sandstone, Presque Isle Stream, at end of Tweedy road Gocality 1099 
A), Aroostook County, Maine (associated, with sp. ^). 

U. S. National Museum, catalogue No. 59795. 

Actinopterella sp. d. 

Plate XXIII, figure 2. 

This form is represented by an obscurely marked, strongly oblique ventricose left valve 
distinguished by its fine, profuse ribbing, which is continued over the wings. The umbones 
are broad and protrude above the hinge. The st)ecimen bears some superficial resemblance to 
Actinopterella tenuistriaia (McCojO but is more oblique and has a stronger byssal sinus. 

1 Hall, James, Palaoatology of New York, vol. 3, pi. 52, fig. 10, 1859. 
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Locality: Chapman sandstone, 2| miles west of Presque Isle Stream, Chapman Township, 
Aroostook County, Maine. 

U. S. National Museum, catalogue No. 59796. 

GenuB FTEBONITEIiLA Billings. 

Billings ^ defines the genus Pteronitella as follows: 

Among the fossils collected at Arisaig there are many casts of the interior of several species congeneric with Avicula 
retroflexa (Hisinger). These show that in front of the beaks there are several small anterior cardinal teeth and that 
dose beneath the hinge line there are several more or lees elongated posterior teeth. This arrangement is quite different 
from that of both Avicula and Pterinea, to which these shells are usually referred. There is a strong anterior muscular 
impression, and the whole structure of the hinge resembles closely that of Cyrtodonta. 

Prof. McCoy has noticed these teeth in his description of P, retroflexa (Paleozoic fossils, p. 262) but did not seem 
to think their structure of generic importance. I propose to separate P. retroflexa and others of similar structure from 
Pterinea and to place them in a new genus, Pteronitella. 

This genus is of interest because of its wide distribution and, so far as known, rather small 
geologic range. As stated by Billings, the genus was erected in 1874 for the species Avicula 
retroflexa (Wahlenberg), to which Billings added three similar species from the Ludlow faunas 
of Arisaig, Nova Scotia. Barrande defined three Bohemian species of the Wenlock Aymestrian, 
6tage E ^, as probably belonging to Pteronitella, but the genus appears to have been neglected 
by later authors until Clarke * recognized it in the f aimas of Dalhousie, New Brunswick, and 
Aroostook County, Maine. Indeed, although both Billings and Barrande used the generic 
name Pteronitella it was not recogsuzed in conchologic manuals. In 1899 Philippi,' in calling 
attention to some discoveries connected with the hinge structure of the genotype, calls the 
fossil Pterinea retroflexa. Three years later Reed* described under the name Pterinea candor 
a typical Pteronitella, neglecting to notice the existence of the name Pteronitella. 

As neither Billings, Barrande, nor Clarke has given a complete description of the genus, 
the following diagnosis is proposed: 

Pterinoid shells, with right valve less convex than the left but apparently not becoming 
resupinate in front; body of the shell erect; surface concentrically striate; small auricle and 
very large wing distinctly developed; the marginal sinus below the auricle usually very faint 
and small, occasionally indistinguishable; the anterior margin frequently continuing convex up 
to the hinge line, but in such specimens there is a distinct auricular expansion in advance of the 
umbones. The posterior wing is alate and well developed; the posterior margin sigmoidal, but 
never very deeply so. The lack of obliquity is characteristic of the typical members of the 
group. The shells are quadrate, or more frequently transversely elongated, forming an inverted 
oblong trapezoid. The left valve varies from depressed to moderate convexity, and is rarely a 
little gibbous; the right valve is convex, typically less so than the left; it varies from depressed 
convexity to nearly flat, but so far as known does not become concave in front. The ligamental 
area is broad, striated; continuous in front of and behind the beaks. Both cardinal and pos- 
terior lateral teeth are developed; the latter are situated nearly parallel with and but litUe if at 
all removed from the hinge line. The cardinal teeth are narrow radial ridges, four or five ^ in 
number in the left valve, one less in the right. The foremost one is the stronger and inclines 
downward and slightly forward, the others incline sUghtly backward. The cardinal teeth are 
situated in front of the beaks on the hinder portion of the auricle. The posterior lateral teeth 

I Bfllings, Elkanah, Paleozoic fossils, vol. 2, pt. 1, pp. 141-144, pi. 9, figs. 5, 6, 7, 1874. Avicuia {Pterinea) retroflexa (Wahlenberg) Is the geno- 
type. BilUngs described three species from Arlsalg — t«ro transversely elongated, oblong forms, P. venutta and P. oblongay and one nonelongated, 
quadrate form, P. curta. 

t New York State Mas. Bull. 107, pp. 210-213. 1907. 

> Phllippi, Emil, Ueber das Schloss von Pterinea retroflexa Wahlenberg's sp.: Deutsch geol. Oesell. Zeltschr., vol. 51, pp. 181-183, Aprfi, 1899. 

4 Reed, F. R. C, Woodwardlan Museum notes; Salter's undescribed species: QecH. Mag., ad ser., decade 4, vol. 9, p. 147, pL 7, figs. 6, 7, 1902. 

» Billings (op. cit., p. 142, pi. 9, fig. 5b) describes and figures four cardinal teeth, but his figure shows four teeth In the left valve and three in 
the right. Phllippi has observed four tooth sockets in the left valve of the typical specimen of P. retroflexa (Wahlenberg), from the sandy crinoidal 
limestoiie of Mount Hoburg, Gotland. The foremost tooth or socket is the stranger and is vertical or inclines slightly forward; the others are 
directed backward, as also illustrated and described by Billings. PhiUppi states that there were five cardinal teeth hi the left valve of his Gotland 
specimens and four in the right. 

50245°— No. 89—16 ^13 
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are narrow, septa-like ridges, close under the hinge line,* and not oblique nor far removed from 
it. There is usually one in the right valve, inserted between two in the left valve; ' the lower 
tooth in the left valve is stronger than the upper, which is also smaller and shorter and, indeed, 
in some specimens is absent. Rarely there are two laterals in the right valve and three in the 
left. In one species, P. cometrda Barrande, there are several postlateral teeth, all situated 
close under the hinge line, and the uppermost is the strongest. The posterior lateral teeth 
extend usually not more than half the distance from the umbones to the posterior hinge ex- 
tremity. Muscular scars two; the anterior scar small, deeply impressed (bifid, according to 
McCoy), and situated on the auricle, in advance of the rostral cavity; the posterior scar is large 
and very feebly impressed, and is situated mainly or entirely on the wing. Shells thick; struc- 
ture imknown. Ornamentation, concentric striae, frequently lamellose, especially on the wing; 
no radial ornamentation except very rarely faint radial lines or scratches. 

Geologic range, early, middle, and late Silurian (from the May Hill to the Upper Ludlow- 
Downtonian faunas) of Europe and America; unknown in the Ordovician; of doubtful occur- 
rence in the lowest Devonian of Germany. 

The following species are referable to the genus Pteronitella as above defined : 

1. Pterinea retroflexa. Wahlenberg, Petrificata telluiis s\'ecan8e examiuata: Soc. reg. sci. TJpsala Acta, vol. 8, p. 57, 
1821. Sandy crinoidal limestone (Silurian): Hobnrg, island of Gotland. See also Hisinger, Wilhelm, Lethaa 
svecica aeu Petrificata 8\'eciflB iconibus et characteribus illustrata, p. 57, pi. 17, fig. 12, Hohinse, 1837; Philippi, 
Emil, op. cit. Hisinger referred the species to the Liassic and Oolitic. The shell currently identifiable with 
Wahlenberg^s species occurs in extreme profusion in the Silurian sandy crinoidal limestone of Hoburg. 
?2. Avicula whitfieldi, Foerste, Fossils of the Clinton group in Ohio and Indiana: Ohio Geol. Survey, vol. 7, p. 558, 
pi. 37, fig. 5, 1894. Clinton: Todds Fork and Wilmington, Ohio. 

3. Pterinea sp. Kindle and Breger, Paleontology [of the Niagara of northern Indiana]: Indiana Dept. Geology and 

Nat. Res. Twenty-eighth Ann. Rept. (for 1903), p. 448, pi. 10, fig. 8, 1904. Niagara or Guelph: Delphi and 
Wabash, Ind. 

4. Avicula subplana. Hall, Paleontology of New York, vol. 2, p. 283, pi. 59, figs. 3a, 3b, (not fig. 3c), 1852. Rochester 

shale: Lockport, N. Y. 

5. Avicula naviformia (pars) (not Conrad). McCoy, British Paleozoic rocks and fossils, p. 263, 1855. Wenlock lime- 

stone: Dudley, Staffordshire. [Conrad's species is the New York Helderberg (Coeymans limestone) fossil. He 
incidentally mentions the same species as occurring at Dudley, England.] 

6. Posidfmomyaf rhomhoidea. Hall, op. cit., p. 284, pi. 59, fig. 5, Niagara group: Lockport, N. Y. 

7. Pterinea condor (Salter). Reed, Woodwardian Museum notes; Salter's undescribed species: Geol. Mag., 2d ser., 

decade 4, vol. 9, p. 147, pi. 7, figs. 6, 7, 1902. Lower Ludlow: Dudley, Staffordshire. 

8. Pterinea subplana (not Hall?). Clarke and Ruedemann, Guelph fauna in the State of New York: New York State 

Mus. Mem. 5, p. 49, pi. 5, fig. 4, 1903. Guelph dolomite: Rochester and Shally, N. Y. 

9. Avicula comes. Barrande, Systdme silurien du centre de la Boh^me, pt. 1, vol. 6, pi. 223, box I, fig. 5, 1881. 

10. Avicula cometula. Barrande, idem, pi. 356, figs. 1-7. 

11. Avicula dispersa, Barrande, idem, pi. 223, box I, figs. 3, 4. 

12. Avicula explanata. Barrande, idem, pi. 224, box III. 

13. Avicula inclinata. Barrande, idem, pi. 222, box I, figs. 6, 7. 

14. Avicula jacens. Barrande, idem, pi. 223, box I, figs. 1, 2. 

15. Avicula reinformis. Barrande, idem, pi. 225, box VIII. 

16. Avicula tristis, Barrande, idem, pi. 224, box IV. 

Nos. 9-16 from 6tage E* (equivalent of Aymestry of England and Guelph 6( America), Bohemia. 

17. PterxTiea retroflexa (Wahlenberg) var. gamma {not= Avicula erecta Conrad). McCoy, op. cit., p. 262, pi. 1, I, fig. 8. 

Upper Ludlow: Laverock Lane. Tilestones: Horeb Chapel, Llandovery, South Wales. Avicula erecta Conrad, 
which was identified by McCoy as a form of Pterinea retroflexa^ equals Glyptodemna erectum. McCoy also regarded 
Avicula demissa Conrad and A. ampliata Phillips 9a forms of P. retroflexa, but these shells are oblique, have a 
resupinate right valve and oblique posterior lateral teeth, and belong to the genus Pterinea Goldfiiss s. str. 

1 McCoy (British Paleosoic rocks and fossils, p. 262, 1855) states that the posterior lateral tooth in P. retroflexa diverges "sli^tly" from the 
hinge line, and Billings (op. cit., pi. 9, fig. 7) figures a very slight divergence in P. oblonga, but the teeth are not oblique to nor distantly removed 
from the hinge line, as they are in Pterinea Uevis Qoldfuss, CornellUes fiabtUa Conrad, and FoilmanruUa' maineneit, in which the teeth are situated 
at or near the inner boundary of the wing, where the wing meets the body of the shell. In Pteronitella, as in Actinopterella, the posterior lateral 
teeth have not yet migrated inward away from the hinge. 

s PhUippi records two in the left valve of the typical Gotland species P. retroflexa (Wahlenberg). McCoy describes "two slender posterior 
teeth about two-thirds the length of the hinge line, '' and his only figure which shows dentition (op. cit., pi. 1, fig. 8) indicates one posterior lateral 
in the right valve. Billings (op. cit., p. 142) describes two lateral teeth in the right valve and one in the left in P. venu8ta,hut his figures (pi. 9, fl^. 
5, 5a, 5b) show Just the reverse, one in the light valve and two in the left, with the upper tooth in the left valve more weakly developed than the 
lower tooth. 
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18. Pterinea retrqflexa (Wahlenberg) vwr. beta (cf. Avicula naviformiB Conrad). McCoy, idem, p. 2C2, pi. 1, I, figs. 9, 

10. Upper Ludlow: Kirby Moor, Kendal, Westmoreland; also Hall End in the Malverns, and near Usk, 
according to Sowerby (Murchison, R. I., SUmrian system, pp. 609-610, pi. 5, fig. 9, 1839). 

19. PteroniUlla veniLsta. BUlings, Paleozoic fossils, vol. 2, pt. 1, p. 142, pi. 9, fig. 6, 1874. 

20. PteroniteUa oblonga. Billings, idem, p. 143, pi. 9, fig. 7. 

21. Ptennitella curia. Billings, idem, p. 143, pi. 9, fig. 6. 

No6. 19-21 from Moydart and Stonehouse formations: Arisaig, Nova Scotia. 

22. Avicula reetangtdaris. Sowerby, op. cit., p. 603, pi. 3, fig. 2. Tileetones: Horeb Chapel, South Wales. 

23. Pterxmitella passer. Clarke, Some newDevonic fossils: New York State Mus. Bull. 107, p. 212, figs., 1907. Lower 

Devonic: Dalhousie, New Brunswick. PteroniteUa hirundo Clarke, from the same locality, is a Paheopinna. 
The Chapman PteroniteUa peninsulx Clarke equals Actinopterella radialis (Clarke). 

24. PteroniteUa quadrata sp. nov. Chapman sandstone: Aroostook County, Maine. 

25. Pterinea Ixvis Goldfuss var. prsecuraor. Freeh, Die devonischen Aviculiden Deutschlands: Abh. geol. Specialkarte 

Preussen, vol. 9, pt. 3, p. 93, pi. 2, figs. 14-15b; pi. 9, fig. 10, 1891. Siegen graywacke and Taunus quartzite: 
Rhenish province, Germany. The shells figured on pi. 2, figs. 14-15, from the Siegen graywacke of XJnkel, are too 
oblique for a PteroniteUa and resemble internal molds of an Actinopterella. 

26. Pterinea aff. P. Issvis (not Goldfuss). Drevermann, Die Fauna der Untercoblenzschichten von Oberstadtfeld bei 

Daun in der Eifel: Palaeontographica, vol. 49, p. 82, pi. 9, fig. 17, 1902. Lower Coblenzian: Oberstadtfeld, near 
Daun, in the Eifel, Germany. 

27. Lioptena broumi. Clarke, The Paleozoic faunas of Para, Brazil; Devonian MoUusca: Mus. nac. Rio de Janeiro Arch., 

vol. 10, pi. 5, fig. 13, 1899 (author's English ed., p. 48, 1900). Lower Coblenzian: Rio Maecuru, Para, Brazil. 
The species differs from Lioptena in being erect and in having the posterior scar on the wing, as in PteroniteUa. 

Many species of PteroniteUa have been referred by recent authors to Pterinea on account 
of the presence of the broad ligamental area, deep anterior muscular impression, cardinal and 
posterior teeth, and concentric ornamentation. In the last feature they conform with Pterinea 
s. str. (P. Issvis Goldfuss). PteroniteUa BiUings differs from Pterinea Goldfuss in several 
respects. The teeth in Billings's genus, imlike those of Pterinea Issvis y Pterinea demissa Conrad, 
and Pterinea ampliaia PhiUips, are close under the hinge line, as in ActinoptereUa. In the 
smooth sheUs constituting the true Pterinea the posterior lateral teeth are very oblique to the 
hinge line and are situated on the inner portion of the wing near the junction of the wing with the 
body. As another distinction may be mentioned the erect expression of PteroniteUa. Pterinea 
is oblique, and this distinction in external outline wiU permit the ready reference of sheUs to , 
PteroniteUa when the internal features are imknown. A third distinction lies in the fact that 
whereas the right valve of Pterinea is always depressed and resupinate (sUghtly convex on the 
umbones, concave below), the right valve of PteroniteUa is frequently rather convex, generaUy 
decidedly less convex than the left valve, though apparently not resupinate. 

It is unfortunate that no right valves of typicdi PteroniteUa are at hand for examination. 
The right valve in several species has been described as "depressed," a term also applied by 
authors to the right valve of Pterinea. However, it is important that a distinction be made 
between ''depressed" valves which are depressed-convex throughout and those which are 
resupinate, having a "double curvature," convex on the umbones and concave below, as in the 
Pterinea groups. I am of the opinion that the right valve of PteroniteUa is convex and not 
resupinate, for right valves wherever they have been figured are shown either depressed-convex 
or strongly convex, never resupinate. If this opinion is well f oimded the persistently resupinate 
character of the right valve of Pterinea wiU be recognized, in strong contrast to the nonresupinate 
right valve of PteroniteUa and ActinoptereUa. 

The oblong forms of PteroniteUa, Uke P. naviforme (Conrad) , P. venusta and P. oblonga 
BiUings, P. amdor (Salter) Reed, and P. retrojlexa (Wahlenberg), bear a certain resemblance in 
their transverse extension to McCoy's genus Pteronites. Unfortunately McCoy's types are not 
weU known. In the New York Upper Devonian shells referred to Pteronites by Hall * (P. pro- 
fundus, P. rostratusj and P. inoptatus, to which should probably be added Leptodesma aliforme 
HaU, i. extenuatum HaU, and the right valve figured on his plate 90, figm^ 20 (not fig. 19), as 
Leptodesma Tiector) the posterior scar is much larger than in PteroniteUa and is situated mainly 
or entirely on the body, instead of on the wing, as in PteroniteUa. HaU's Leptodesma aliforme 
shows a posterior lateral tooth in the right valve close to the hinge line, in this respect con- 

1 Hall, James, Paleontology of New York, vol. 5, pt. 1, vol. 1, pp. 237-239, pi. 22, figs. 24-27; pi. 87, fig. 5, 1884. 
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fonning with Pteronitella. The right valve is "flat" below, depressed-convex in the middle, 
and more decidedly convex on the nmbones. All these shells occur in the higher Chemung 
of Tioga and Bradford coimties, Pa., and Allegany and Cattaraugus counties, N. Y. It is 
apparent that they are merely extreme forms of the shells called Leptodesma by Hall, but 
whether these forms ought to be referred to the Pteronites of McCoy is by no means certain. 
Hall's shells also differ from Pteronitella in the extreme obliquity of the anterior margin, which 
gives them a superficial aspect like that of Aviculopinna. Pteronites McCoy lacks the broad, 
striated, ligamental area of Pteronitella, and has only a single cardinal tooth under the beak of 
the right valve, in which respects it is decidedly distinct. The well-developed anterior muscular 
scar situated on the auricle in Pteronitella has never been observed in Pteronites; indeed, 
McCoy describes Pteronites as wanting the anterior adductor impression. In Hall's species 
Leptodesma aliforme the paUial line extends toward the rostral cavity, as in several other 
species of Leptodesma and in the AvicuUdse, and not to the auricle, as in the Pterineas. If the 
anterior scar is lacking in Pteronites and Leptodesma, or is very feebly developed and is 
imibonal, as seems probable, this character will remove McCoy's genus Pteronites, as well as the 
Leptodesma, to the monomyarian Avicula and its allies. The relations of Pteronitella, on the 
other hand, are decidedly with the heteromyarian Pterinea. 

Pteronitella might be confused with Leiopteria Hall, with which it agrees in the concentric 
ornamentation, in having the right valve convex but less so than the left, and in having posterior 
laterals (usually not discernible) close imder the hinge line; but Leiopteria is easily distinguished 
from Pteronitella by its characteristic obliquity. Leptodesma Hall is generally still more 
obUque. 

PalflBopinna Hall bears some general resemblance in outline to the typical Pteronitellas 
(P. condor (Salter) Reed, P, retrojlexa (Wahlenberg), P. naviforme (Conrad) and P. venusta 
and P. oblonga Billings), but differs from them in the persistence of radial lineation; in the 
typically thin linear ligamental area and, especiaUy, in its truncate anterior margin, which is 
entirely devoid of auricle and which has the beaks terminal. 

Some discussion has arisen regarding the relative values of the names Pteronitella Billings, 
1874, and Mytilites Wahlenberg, 1821. The name Mytilites Wahlenberg can have no value in 
zoologic nomenclature, as it was used in a very general way by Wahlenberg to include practically 
all fossil lamellibranchs embedded in solid rocks. Wahlenberg divided Recent bivalve shells 
into Mytili, Ostrei, and Anomise, and recorded Mytilua edulis and Mytilus pholadisj two now 
living sheUs,. from the glacial beds of Uddevalla. It is apparent that Wahlenberg included 
under the name Mytilus all the dimyarian and heteromyarian lamellibranchs — in fact, all the 
lameUibranchs except the Ostreidse. The "Mytili" embedded in the solid rocks Wahlenberg 
called ''Mytilites," so that the name has a significance similar to that of Anomites as applied by 
early authors to the fossil brachiopods, and this significance is certainly unlike and more 
general than that of a generic name. Mytilites retrojlexus is the second species described by 
Wahlenberg, who records it from southern Gotland in calcareous and arenaceous beds. The 
first species of Mytilites described is Mytilites edulis qffinis Wahlenberg, from the graptolite 
shales of Westrogothia, so that even if the name Mytilites were restored, which it ought not to 
be, it could not be applied to Pteronitella retrojlexa, but would have to be used for the '' Mytilites 
edulis affinis^^ of Wahlenberg. 

PxERONrrELLA QUADRATA Sp. UOV. 
Plate XXIII, jSgure 5. 

Outline erect, quadrate. Height, 23 millimeters, nearly equal to the length C Vidth"), 
which is 24} millimeters. Greatest height near the midlength; greatest length at the inferior 
two-sevenths. Hinge Une long, slightly less than the length of the shell. The umbones are 
situated at the anterior fifth or sixth of the length of the h'nge, are rather full, incurved, and 
prosogyrate, and protrude shghtly above the hinge line. The anterior margin is sigmoidal and 
erect. In front of the umbones the anterior margin is convex, producing in the outline the 
appearance of a small ear; below this the margin is strongly insinuated by a byssal sinus that 
extends down one-third or two-fifths the height, below which the anterior margin along the body 
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of the shell is again convex, in general vertical, and with the foremost extremity vertically 
below or rather distinctly in advance of the "auricle." The ventral margin is broad, depressed- 
convex, and with the lowest point in front of the middle; the margin slightly ascending toward 
the rear and curving into the posterior margin, which turns upward at an angle of about 95^ 
with the hinge hne. The hindmost extremity of the shell is near the base of the posterior mar- 
gin, at two-sevenths the height of the shell above the ventral extremity. The posterior margin 
is depressed-convex in the lower part, broadly and faintly concave near the middle, and 
straight and directed shghtly forward in the upper part. Tlie left valve is strongly convex, 
especially in the umbones, and is also very fuU in the body. The subalate posterior is indis- 
tinctly demarcable from the body. The byssal sinus, though strongly marked in the anterior 
outline, is very faint on the surface, which has here a steep slope. The so-called ''auricle" is 
not flattened, but is slightly inclined — ^more so than the subalate posterior. Although the 
shell as a whole is erect, the gibbous umbones are inclined at an angle of about 20^ from the 
perpendiciilar. The point of greatest depth is between the anterior third and fourth of the 
length and at the upper third of the height, just behind the byssal sinus. The depth of the 
left valve is 5 millimeters, or a httle more than one-fifth the length. 

The impression of a single, slender, horizontal posterior-lateral tooth is preserved; it must 
have been very close to the hinge line. Above this tooth the specimen is broken away. The 
cardinal margin at the lunbone is also broken away, so that it is impossible to describe the 
cardinal teeth. Muscular scars not preserved. 

Siuface concentrically striate, with a few low concentric wrinkles and lamellose varices. 
The varices are most distinct along the ventral margin and along the anterior margin below 
the byssal sinus; the posterior is faintly striate, as is also the region of the byssal sinus. The 
concentric striations are occasionally rather regular, almost bellastriate over the body, but are 
rather faint; they are still fainter on the posterior. 

Locality: Chapman sandstone, on Presque Isle Stream near the Tweedy road Qocality 1099 
L) ; Chapman Township, Aroostook County, Maine. 

U. S. National Museum, catalogue No. 59797. 

Comparisons. — ^The distinguishing featiu-es of the species are the erect quadrate outline, 
with the height very nearly equal to the length; anterior margin vertical or protruding, not 
diagonally retroceding; anterior or byssal sinus well developed in the outline; posterior margin 
faintly or hardly at all sigmoidal, the upper part reaching upward and shghtly forward to the 
hinge. Its quadrate outline distinguishes it from the transversely elongated species of Pteroni- 
tella, such as P. retroflexa (Wahlenberg), P. nqviforme (Conrad), P. condor (Salter) Reed, 
P. veniLSta and ohlonga Billings, P. cometula (Barrande), etc. P. quadraia belongs to a group 
of quadrate species of Pteronitella in which the height is about equal to the length; includes 
PteroniteUa curia Billings, P. redangvlaris (Sowerby), P. erecta (McCoy), etc. From the last two 
species P. quadraia differs in having the anterior margin vertical instead of diagonally retro- 
ceding. From the Arisaig P. curia Billings, which it closely resembles, P. quadraia differs in 
having the ventral margin less beUied down, in being more quadrate instead of semieUiptical, 
in having the posterior margin sigmoidal — ^though only shghtly so — and directed upward and 
forward; and in being smaller. P. quadraia bears a close resemblance in outline and convexity 
to the Posidonomyat (Pteronitella) rhomhoidea Hall, of the Niagara, but differs from it in having 
a well-developed byssal sinus in the upper anterior margin, which, in P. rhomhoidea^ is convex 
throughout. In the quadrate outline, vertical anterior margin, byssal sinus, and slightly 
auricular expansion the shell resembles Leiopteria (PteroniteUa?) braumi Clarke, but that species 
is much larger and, unlike P. quadraia, has the upper part of the wing extended posteriorly. 

Genus MEGAJCBONIA HaU, 1859. 

The genus Megambonia was founded by Hall ^ in 1859 to include eleven species from the 
Helderberg group, two from the New York O^kany, and one from the "C^Jomiferous *' Umestone. 
These fourteen species comprise a heterogeneous assemblage including species referable to 
Vanuxemia Billings, Leiopteria Hall, and other genera. 

> Halli 7ameS| New York State Cab. Nat. Hist. Twelfth Ann. Kept., p. 12, 1850: Paleontology of New YorJt, vol. 3, pp. 272 et seq., I899[1860r). 
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Of the eleven species of Megambonia described by Hall from the Helderberg, only two 
appear to belong to the genus, namely, M, ovoides and M, rhombaidea Hall. M. mytUaidea and 
J/, ohscura are species of Pie thorny tilns or some allied mytiloid; M. aviculoidea and the Oris- 
kanian M. lameUata belong to the genus Leiopteria; M. lata is a species of the Cjrpricardites- 
Cyrtodonta group; M. cordiformis and M. ovata appear to be species of Vanuxemia, though 
they have been regarded as Mytilarca or Plethomytilus by Miller and by Hall. Megambonia 
avhorhicularis and M, spinneri may also possibly belong to Vanuxemia. Megambonia oblonga 
Hall is the genotype of the new genus Preavicula described on page 205. 

The genotype of Megambonia is M. cardiiformis (Hall),* from the '*Comiferous^' limestone. 

Hall separated Megambonia from Ambonychia because it has a well-developed anterior 
lobe or aiuicle, which is absent in Ambonychia; the auricle is separated from the body by a 
distinct byssal sinus. The anterior muscular impression is distinctly developed, fairly large, 
and situated on the auricle. In the ambonychioids the anterior muscular impression is either 
lacking or indistinct and minute, the pallial line terminating in the rostral cavity. Megambonia 
13 therefore related to the heteromyarian PterineeB, whereas Ambonychia represents the early 
monomyarian Avicula type. The shells of Megambonia have a characteristic expression easily 
recognized by their subcircular outline; inflated umbones, ventricose, equal valves; rounded 
auricle; wing obscurely developed or lacking; surface typically covered with fine radial lines 
crossed by concentric lines. In the original diagnosis of the genus given in 1859 Hall laid stress 
on the occurrence of numerous teeth or crenulations on the anterior portion of the hinge line- 
In 1885 this portion of the description was retracted. 

The original diagnosis of the genus is as follows:^ 

SheU equivalve or mibequivalve, inequilaterali subovoid, usuaUy very gibbous in the middle and toward the 
umbones; anterior side often lobed or auriculate, a strong muscular impression occupying a considerable portion of 
this portion of the shell; posterior cardinal margin expanded, more or less compressed and frequently alate; hinge 
crenulated on the anterior end; teeth numerous. Surface marked by concentric laminse of growth and often by fine 
radiating stride. The entire structure of the hinge is unknown; and the grouping of the species has been mainly 
determined by external form and marking and the laige anterior muscular scar, which is a conspicuous feature in most 
of the species. 

HaU' designated Pterineaf cardiiformis Hall, 1843, as the type of the genus. 
In 1885 the generic description was emended by Hall* to read as follows: 

Shell equivalve or subequivalve, very inequilateral, obovoid, body very oblique; anterior end (in two typical 
forms) lobed; posterior large, constituting the principal part of the shell; beaks anterior; cardinal line short; subalate 
posteriorly; umbonal slope ventricose, not defined. Surface marked by fine stri£& of growth, which in some species are 
crossed by fine radiating strise. Hinge line short; a distinct lateral fold and groove near the postcardinal angle. Liga- 
ment internal. Anterior muscular impression large and strong; posterior impression large. The type of the genus is 
well marked, and its form and external characters are very distinctive. It does not, however, show the anterior teeth 
or crenulations mentioned in the original description. In the third volume of the Paleontology of New York several 
species are described under this designation which further study has shown not to be congeneric. At tho present time 
the only forms which I regard as strictly belonging to the genus are from the Corniferous limestone and Onskany sand- 
stone. Those from the Lower Helderberg group require more matexial for a final determination. 

Hall then designated Megambonia cardiiformis f from the '* Corniferous" limestone, and 
M. beUistriata, from the Oriskany, as characteristic of the genus. These two species are regarded 
by Clarke* as identical. Hall also indicated that such forms as M. lameUosa are doubtfully 
referred to the genus. This species is apparently a Leiopteria. 

In all the American radiostriate shells which conform with Jlf. cardiiformis and M, beUistriaia 
Hall the posterior wing is rounded and there is no wing nor alation at the hinge extremity, but 
in some of the European species a wing is faintly developed. The occurrence of an internal liga- 
ment, as noted by Hall, is doubtful, as one of his figures* seems to indicate an external ligament. 
One figure of M. striatocostata Giebel given by Barrois/ however, indicates an internal ligament. 

^ Hall, James, Geology of New York, Rept. Fourth Dist., p. 173, 1843. This shell should not be confused with Megambonia coriiformia Hall, 
1859, from the Helderberg. 

> Hall, James, Paleontology of New York, vol. 3, p. 273, 1859 (I860?), 
s Idem, p. 272. 

* Paleontology of New York, vol. 5, pL 1, p. Iv, 1885. 

B Clarke, J. M., The Oriskany fauna of Becraft Mountain, Columbia County, N. Y.: New York State Mus. Mem., vol. 3, p. 35, 1900. 

• Paleontology of New York, vol. 5, pt. 1, pi. 52, fig. 2, 1885. 

7 Barrois, Charles, Faune du calcaire d'Erbray: Soc. gtol. Nord M^., vol. 3, pi. 10, fig. 8a, 1889. 
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The genus Myalinopteria Freeh is apparently a synonym of Megambonia Hall. 

Megambonia Hall is closely related to the Ordovician genus Prolobella Ulrich,* agreeing 
in outline, biconvexity, and presence of radial ornamentation. The Ordovician shells, however, 
are much smaller; the auricle and the anterior muscular impression are proportionately more 
minute than in Megambonia, and the radial lines are somewhat different. 

The genus Megambonia Hall as above interpreted includes the following species: 

Megambonia rhomboidea. Hall, Paleontology of New York, vol. 3, p. 275, pi. 49, fig. 9, 1859. Helderberg group: New 

Scotland, N. Y. 
Megambonia ovoidea. Hall, idem, p. 276, pi. 49, A, fig. 4. Helderberg group: New Scotland, N. Y. 
Megambonia parva, Weller, Paleozoic faunafl: Paleontology of New Jersey, vol. 3, p. 333, pi. 43, fig. 12, 1903. Dal- 

manites dentatua zone or Trilobite beds: New Jersey. 
Megambonia bellaatriata. Hall, op. cit., p. 467, pi. 109, fig. 4. Oriskany: New York. 
Megambonia creniatriata. Clarke, New York State Mus. Mem., vol. 3, pi. 4, p. 35, figs. 15-17, 1900. Oriskany fauna: 

New York; Graspe, Quebec. 
Megambonia denyaia. Clarke, New York State Mus. Bull. 107, p. 216, figs., 1907. Lower Devonic: Perce Rock, Quebec. 
Pterinea $triatoco8ta. Giebel, Die sUurische Fauna des Unterharzes, p. 27, pi. 5, figs. 15, 18, 1858. Hercynian: Harz 

Mountains. The Pterinea sp. of Kayser (Die Fauna der altesten Devon Ablagerungen des Harzes: Abb. geol. 

Specialkarte Pzeuasen, vol. 2, pt. 4, p. 135, pi. 19, fig. 4, 1889), from the Schneckenberg limestone of the Harz, 

represents this species. The fossil is also recorded and well illustrated by Barrois (Faune du calcaire d'Erbray: 

Soc. g&oL Nord M^m., vol. 3, p. 171, pi. 10, fig. 8, April, 1889) from the Erbray limestone of Loire Inferieiu^, western 

France. 
Myalinopteria alpina, Freeh, Die devonischen Aviculiden Deutschlands: Abh. geol. Specialkarte Preussen, vol. 9, 

pt. 3, p. 139, pi. 18, fig. 1, 1891. Hercynian reef limestone: Wolayer Thdrl, Garnish Alps. 
Megambonia eardi^ormiB. Hall, Paleontology of New York, vol. 5, pt. 1, p. 515, pi. 52, figs. 1-8, 1885. M. bellastriata^ 

M. crinita, M. denyaia, and Jf. mibcardii/ormia appear to be synonyms. Comiferous limestone: New York. 
Megambonia aubcardiiformia Hall= M. cardiiformis Hall. 
(Myalinoptera) crinita (A. Roemer). Freeh, op. cit., p. 138, pi. 11, figs. 1-7, Lower Neo-Devonian: Grund and Claus 

Valley, Germany. 

Megambonia cf . M. cardiifobmis Hall. 

Plate XXIV, figure 4. 

1843. Pterinea? cardiifomUs. Hall, Geology of New York, Rept. Fourth Dist., p. 173, fig. 1 (on p. 172). 

Comiferous limestone: Clarence Hollow, Erie County, N. Y. 
1859. Megambonia cardiiformis. Hall, New York State Cab. Nat. Hist. Twelfth Ann. Rept., p. 13. 
cf. 1859. Megambonia bellistriata. Hall, Paleontology of New York, vol. 3, p. 467, pi. 109, fig. 4. 

Oriskany sandstone: Albany and Schoharie counties, N. Y. 
1885. Megambonia cardiiformia. Hall, Paleontology of New York, vol. 5, pt. 1, p. 515, pi. 52, figs. 1-8. 

Upper member of the Comiferous limestone: Clarence Hollow, Erie County, N. Y. 
cf. 1900. Megambonia creniatriata. Clarke, New York State Mus. Mem., vol. 3, p. 35, pi. 4, figs. 15-17. 

Oriskany fauna: Becraft Mountain, Columbia County, N. Y. 
cf. 1908. Megambonia creniatriata. Clarke, idem, vol. 9, p. 157, pi. 21, figs. 6, 7. 

Gaspe limestone: Grande Greve, Gaspe, Quebec. 

No species of Megambonia has been discovered in the Chapman fauna, but in the Moose 
River sandstone fauna of Somerset County, Maine, two small specimens of Megambonia have 
been found which, to judge from their outline and convexity, represent two distinct species. 
The larger specimen is identified with Hall's species, though it is much smaller than the typical 
New York forms. The smaller specimen, described below as the variety parviuscula var. nov., 
is distinct in outline and convexity and may be a distinct species instead of a variety. The 
specimen identified with Hall's species shows the following characters: Outline subovoid, 
erect.* Height, 27.7 millimeters; length, 26.5 millimeters .without the auricle, but the shell 
is proportionately more transverse in the younger stages, as indicated by the lines of growth. 
Greatest height at the midlength; greatest length just below the midheight at the inferior 
three-sevenths. Umbones subventral, directed vertically upward, protruding very slightly 
beyond the hinge Une. The hinge line back of the umbones is not preserved but was appar- 
ently roxmded, convex, short; its length less than half the height of the shell, declining pos- 

1 Ulrich, E. O.p Geology of Minnesota, vol. 3, Paleontology, pt. 2, p. £32, pi. 25, fig. 27, 1894. 

s The shell is arbitrarily oriented as erect. Figures of these shells are usually oriented in an oblique position, which, technically, may be more 
nearly correct, considering the fact that the two muscular scars ought to be on a horizontal line. Practically it is found that comparison of the 
different fonns of ICegambonia is facilitated by orienting the figures with the shell seemingly erect instead of oblique. 
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teriorly at an angle of nearly 30° with the horizontal. The posterior hinge extremity is con- 
vexly rounded, not alate nor pointed. The posterior margin is strongly and symmetrically 
convex throughout; the hindmost extremity is at the inferior three-sevenths the height or near 
the midheight. The ventral margin is deeply beUied down, forming with the lower posterior 
and lower anterior margins a symmetrical, semicircular arc or paraboloid. The anterior margin 
is convex, with the foremost extremity of the body of the shell at the midheight.' The upper 
part of the anterior margin, including the auricle, is not preserved on the specimen, which 
shows, however, traces of the byssal sinus extending radially forward from the beak. The 
shell is gibbous throughout, a little less so along the upper posterior margin than elsewhere. 
Just below the umbones it is very gibbous. The point of greatest depth is vertically below 
the beak at the superior third; the depth of the single left valve (7.7 millimeters) is more than 
one-fourth the height (27.7 milUmeters). The byssal sinus appears to have been narrow but 
is distinctly preserved on the surface; it extends radially forward at an angle of 35° with the 
vertical. Hinge structure and musculature imknown. Shell very thin; crystalline; colored 
black, probably indicating a high organic content. 

Surface covered with undulating concentric wrinkles of growth and a few low, lamellose 
varices, strongest in the middle. These are crossed by very fine radial lines over the entire 
body (the auricle is not preserved). The lines are more strongly developed over the central por- 
tion than toward the rear. 

Locality: Moose River sandstone between Parlin Pond and Detroit locality, 1100 A), 
Somerset Coimty, Maine. 

U. S. National Museum, catalogue No. 59798. 

Comparisons. — ^The shell is much smaller than either HalVs Megambonia heUistriaia, from 
the Oriskany, or his M. cardiiformis, from the ''Comiferous." As suggested by Clarke in 
1900, both of these names represent a single species, there being no reliable distinction between 
the Oriskany M. heUistriata Hall and the ^'Comiferous" M. cardiiformis Hall. Hall suggested 
that the latter was much more gibbous, which does not seem to be always true, and that the 
byssal sinus is shallower in M. cardiiformis than in M. lellistriaia, which is only generally true; 
one of Hall's figures* shows a "Comiferous" M. cardiiformis with a deep and well-marked 
byssal sinus. 

Any distinctions which may possibly exist between Megambonia cardiiformis Hall, from 
the Onondaga, and the so-called Megambonia beUistriaia have yet to be proved, so that these 
two names may be regarded as identical. M, cardiiformis is the older name. All the other 
American species of Megambonia, including the Maine shell imder discussion, are much s;aialler 
than Hall's M, cardiiformis, which is relatively of gigantic size. Megambonia crenistriaia Clarke, 
from the Oriskany of Becraft Moimtain, N. Y., differs from Megambonia beUistriata {=^ cardii- 
formis) Hall in being smaller and proportionately broader, and in having a longer, straighter, 
and more distinct hinge line. The other characters mentioned by Clarke — convex auricle, deep 
byssal sinus, coarser striae on the auricle, and crenulations of the striae — are also present on 
the normal Megambonia beUistriata ( = cardiiformis) Hall. The distinctive characters of the 
small Becraft Moimtain shell appear insufficient to separate it as a distinct species from M. 
beUistriata (^cardiiformis), the greater proportionate breadth in smaller specimens being, 
indeed, the normal occurrence in the immature of these shells. The ventral margin is much 
less bellied down in the so-called M. crenistriata than is usual in M. cardiiformis, and the hinge 
line is more distinct; but these may be regarded as extreme characters of a single species, the 
Maine specimen here described being intermediate in these respects between the two forms, 
though agreeing with the Becraft Mountain Oriskany shell in small size, as well as in habitat — 
at least so far as habitat is indicated by the same rock (a very hard, fine-grained blue quart- 
zose limestone) and by similar fauna. 

In its small size, outline, and convexity the Maine shell resembles the Helderbei^ M. ovoidea 
Hall, which has, however, a much less developed byssal sinus. 

» Paleontology of New York, vol. 5, pt. 1, pi. 52, fig. 1, 1885. 
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Meoambonia cf . M. CABDiiFORMis var. PABvnJscxTi^A var. nov. 

Plate XIX, figure 23. 

This small shell occurs with the normal M. cardiiformis above described in the Moose 
River sandstone fauna of Detroit, Somerset County, Maine. The two specimens, though asso- 
ciated, are regarded as at least varietally distinct. The small shell here described is more 
transverse and more nearly subcircular than the typical form; the length (14 millimeters) is 
slightly greater than the height (12 millimeters). The greatest length of the small variety 
is at the upper third, whereas it is below the middle in the larger shell. The umbones are 
central, directed upward, incurved, hardly if at all protruding above the hinge line. They 
subtend an angle of 90° or more. The posterior limit of the umbonal angle is less sharply 
defined than the anterior limit. The hinge line back of the umbones is short, convex, hori- 
zontal; equal in length to a trifle more than the height of the shell (in typical M, cardiiformis 
it is a trifle less than half the height and declines at an angle of 30° or more). The posterior 
hinge extremity is convexly rounded, decidedly not alate. The ventral margin is broadly 
roimded and is less deeply bellied down than in the larger forms. The forward extremity of the 
shell is lower down, being at the inferior third in the variety parviuscula, A deep byssal notch 
or sinus extends from the midheight to a point above the midheight of the anterior margin. 
The byssal sinus marks off from the body a proportionately very large, rounded auricle, which 
extends directly above or slightly in advance of the forward extremity of the body; the margin 
rounds off into the hinge line, which continues ascending backward to the umbones. Just 
below the umbones the shell is tumid. The greatest depth is near the midheight at the anterior 
third, not directly below the beak at the upper third, as in the larger normal form. The post- 
umbonal slope is less inflated than the body of the shell. The byssal sinus is definable on 
the surface and extends to the umbo. 

The characteristic fine lines and striae are preserved on the body, but are not definable on 
the ear and posterior slope in the specimen at hand. Concentric striae and imdulations cross 
the body, but they are better developed on the auricle, and especially on the postiunbonal 
slope. 

This little shell may be easily distinguished from the typical form by its minute size, greater 
width, longer and horizontal hinge line, shallower ventral margin, and the other minor distinc- 
tions mentioned above. 

Locahty: Moose River sandstone, between Parlin Pond and Detroit (locality, 1100 A), 
Somerset County, Maine. 

U. S. National Museum, catalogue No. 59799. 

FamUy CONOCARDnDiE Nemnayr. 
OenuB CONOCABDITTX Bxonn, 1835. 
?CONOCARDIUM DUBIA Sp. UOV. 
Plate XXIII, figure 1. 

A fantastically ornamented httle bivalve is represented in the Chapman fauna by a fragment 
of a right valve. The generic position of the shell is uncertain, but the specific characters are 
conspicuous. The fragment is deeply inflated and shows three strong rounded ribs radiating 
downward from the beaks, with three or four narrower and fainter ribs just back of them. In 
front of the radially plicate portion of the shell is a nonplicated portion of about the same width. 
The hindmost of the radial ribs seems to mark a sort of postumbonal ridge or respiratory angle, 
behind which the shell descends in a deeply inflated, concentrically striate slope. The extreme 
postdorsal and anterior portions of the shell are not known. 

The peculiar markings are the most characteristic feature of the shell. 

Locality: Qiapman sandstone, Presque Isle Stream, Chapman Township, Aroostook 
County, Maine. 

U. S. National Museum, catalogue No. 59800. 
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Comparisons. — ^The development of pronounced radial ribbing over a centrally demarcated 
area and the presence of only concentric lines of growth both before and behind the ribbed area 
suggest at first a relationship with the shells commonly referred to the genera Pholadomya 
Sowerby and Pholadella Hall; but the deep inflation, the contour of the surface, and the outline 
indicate a more probable relationship elsewhere. 

The Chapman fragment seems most nearly allied to a group of Silurian species of Cono- 
cardium from Gotland. * and Bohemia,' which are characterized by having only a few radial ribs, 
situated near the respiratory angle; the surface only concentrically striate, both anteriorly and 
posteriorly; and a steeply convex slope just back of the ribs. The Chapman species is, indeed, 
very similar to Conocardium brnchypleura (Lindstrom) , the Gotland form, but has more numerous 
ribs and a less tumid umbone. The Chapman species differs from the Bohemian Silurian species 
of Conocardium in the character of the ribs and in other features. 

Fanuly VTERODJE Meek. 
Genus LIMOFTEBA Hall. 

The sheUs of the genus Limoptera are distinguished from the pterinoids which they super- 
ficially resemble by the large, only slightly obUque, nearly erect forms; the anterior ear usually 
small or absent; the posterior wing large; both valves frequently convex; radial ribs, if present, 
simple, not fasciculate, in many specimens obsolescent. The ending of the paUial line in the 
umbonal apex rather than in a more distinct anterior scar, situated on the ear, removes Limop- 
tera from the pterinoids and indicates the afiSliation of the genus with the primitive aviculoids. 
The term Limoptera s. str. may be restricted to the more or less radially ribbed shells having the 
ear or auricular portion to some extent discernible, as typified by L, nuicroptera Conrad, the 
genotype. Other shells which have been called Limoptera may be distinguished from that genus 
in two sections to which the names Myalinodonta and Paropsis Oehlert are applicable. Li the 
shells of both these sections there is not the slightest trace of an ear, the beaks are not at the 
forward termination of the hinge line, the forward extremity of the body is far in advance of the 
beaks, and the upper anterior margin to the beaks is concave. One of the sections is represented 
by Limoptera semiradiaia Freeh," L. bifida (Sandberger),* L. longiaJata Drevermann,* and Myalir- 
nodonta normaniana (D'Orbigny) .• To this section may be applied the name Myalinodonta 
Oehlert, 1881. The last-named species is the type. It is depressed convex, equivalve, and 
radially striate or finely ribbed, and is in some respects a combination of Myalina and Tolmaia. 
An interesting feature is the occurrence of a triangular patch under the beak in the horizontally 
striated ligament. A similar feature is figured by Drevermann^ in his Limoptera (?) (no v. sub- 
gen. ?) n. sp. The occurrence of such a triangular pit in the striated ligamental area has been 
utilized by Girty * to separate his new genus Limipecten from Aviculopecten. A similar trian- 
gular (cartilage) pit under the umbone in the broadly striated ligamental area occurs in several 
species of Lyriopecten Hall • (Orbipecten Freeh). 

To Myalinodonta may possibly be added Aviculopecten incertiLS OeiAert^^ 
This species is figured with terminal beak and concave upper anterior margin and is in- 
cluded in Limoptera by Barrois." No ear is shown by either of Oehlert^s figures, and its absence 

1 PleuTorh^nchui hmchppleura Lindstrdm (Angelln, N. P., Fragmenta silurica, p. 19, pi. 13, figs. 42-46, 1880), from the late Ordovician or early 
Bflurian limestones of Dalecarlia, Sweden. 

s Conocardium eorrectum Barrande (Systdme silurien du centre de la Bohdme, vol. 6, 1881, pi. 203, box IV, figs. 5-12, not figs. 1-4), from the hills 
between Lodenitz and Bubowitz; Conocardium doraatum Barrande (idem, box V), from Kozel; Conocardium binoUUum Barrande (idem, pi. 208, 
box III), from Dlauha Hora. All three species are from the middle Silurian limestones of 4tage £>. 

• Freeh, Fritz, Die devonischen Aviculiden Deutschlands: Abh. geol. Speclalkarte Preussen, vol. 9, pt. 3, p. 65, pi. 5, figs. 1-3, 5-8, 1891. 
« Idem, p. 64, pi. 6, fig. 2. 

i Drevermann, F., Die Fauna der Unterooblenzschichten von Oberstadtfeld bei Daun in der Eifel: Palaeontographica, vol. 49, p. 79, pi. 9, fig. 
12,1902. 

« Oehlert, D. P., Documents pour servir k I'dtude des faunes d^vonlennes dans I'ouest de la France: 6oc. gtol. France M^m., 3d ser., vol. 2, 
pp. 29-31, pi. 5, 1881. 

' Drevermann, F., Palaeontographica, vol. 49, pi. 9, fig. 13, 1902. 

• Oirty, O. H., New moUuscan genera from the Carboniferous: U. S. Nat. Mus. Proc, vol. 27, pp. 722 et seq., pis. 45, 46, 47, June, 1904. 

• Hall, James, Paleontology of New York, vol. 5, pt. 1, pi. 10, figs. 2, 6, 1885. 
10 Oehlert, D. P., op. cit., p. 26, pi. 4, figs. 2, 2a. 

" Barrols, Charles, Faune du calcaire d'Erbray: Soc. gtel. Nord M^m., vol. 3, p. 175, 1'i^O. 
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would indicate that the species beloi^ to the more convex group of species of Myalinodonta; 
.but in the text Oehlert mentions a small "ear" on each side of the beak. 

If Myalinodonta should prove to possess a triangular cartilage pit, it may be removed from 
Limoptera and affiliated with the pectenoids. 

The second entirely earless group conf oimded with Limoptera but properly to be dissociated 
therefrom is characterized by the absence of radial ribbing, the body being only concentrically 
striate. This group, the genus Paropsis of Oehlert,* includes Avicula (Paropsis) orbicularis 
Oehlert, Limoptera rhenana Freeh, LiTnoptera gigantea (Folhnan) Freeh, and Limoptera obsoleta 
Hall.' 

Limoptera s. str. will, then, be restricted to strongly convex, radially ribbed limopteroid 
shells in which there is at least some trace of an ear or auriculate expansion in front of the 
umbones and in which the umbones are subterminal, not quite terminal. Some of these shells 
approach some of the forms of Myalinodonta, but in Limoptera s. str. the ribs are more distant 
and the upper anterior margin more nearly vertical. 

Paropsis and Myalinodonta occur in the Lower Devonian (Siegen graywacke through the 
Upper Coblenzian) of Germany and France, and a single species of Myalinodonta is recorded 
from the lower Meso-Devonian of France (Calceola or Porsguen shales of Krouzon, near Brest).' 

In America Myalinodonta is apparently unknown and the only species referable to Paropsis 
{Limoptera obsoleta Hall) is from the Middle Devonian (Hamilton formation) . 

Avicula paudrgdiata HaU,* from the shaly New Scotland ("Delthjrris") limestone of the 
Helderberg group, Schoharie, N. Y., is a plicated limopteroid. Apparently the only specimen 
known is the single internal cast of the left valve, described and figured by Hall. The anterior 
end is incomplete but appears to have been faintly auriculate. The species is apparently a 
Limoptera s. str. and, if so, is the oldest one known from the American faunas. 

Avicula (Pterineaf), correcta Barrande,* from the Silurian 6tage E* of Bohemia (equiva- 
lent of Aymestry and Guelph), has the general superficial expression of a Limoptera and, if it 
belongs to the genus, is probably the oldest species known, being earUer than the Helderberg 
L. paudradiaia. 

In the Bohemian Lower Devonian or Hercynian f aimas of 6tage F' occur several typical 
species of Limoptera represented by such forms as Avicula {Pterineaf) aJa Barrande,' A. (PJ) 
bohemica Barrande, L. volitans Barrande, and several others. Species of Limoptera of this type 
are widespread in the Lower Devonian, occurring in the Harz region in Germany (Pterinea 
hercynix (GfiebeJ),'' from the calcareous beds of Schneckenberg, in the Harz Mountains), and in 
the Erbray limestone fauna of western France (Limoptera boJiemica (Barrande)).' 

In the Rhenish Devonian Limoptera s. str. is unknown, its place being taken by Myalinodonta 
and Paropsis. In the American faimas Limoptera a. str. is well developed and widespread in the 
upper Eo-Devonian and in the Middle Devonian faunas. In the higher beds of the Onondaga 
(^^Comiferous") limestone at Stafford, Genesee County, N. Y., occurs Limoptera pauperata 
Hall.' Pterinea grandis Hall,*^ which occurs in the Je£fersonville(^*Comiferous'') limestone of 
Scott Coimty, Ind., appears to be a Limoptera. In the Lower Devonian limestone of the 
Eureka district, Nev.," occurs a large, erect, strongly marked limopteroid which probably 
belongs to Limoptera s. str. Limoptera sarmentica Walcott, from the Lower Devonian of the ' 
Eureka district, does not seem to belong to the genus. 

1 Oehlert, D. P., Note sur quelqaes p^lteyopdes d^vonlens: Soe. gtol. France Bull., 3d ser., vol. 16, p. 647, pi. 15, fig. 1, 1888. 
s Hall, James, Paleontology of New York, vol. 5, pt. 1, p. 249, pi. 26, fig. 10, pi. 29, figs. 5, 6 (not pi. 92, fig. 10), 1884. The shells illustrated on 
pi. 27, fig. 4, and pi. 29, fig. 2 (?), and labeled LimopUra macropUra may also possibly belong to the species Limoptera {Paroptis) obsoleta. 
« Freeh, Frita, op. cit., pp. 64, 66. 

* Hall, James, Paleontology of New York, vol. 3, p. 287, pi. 52, fig. 8, 1859. 

» Barrande, Joachim, Systlme sHurlen du centre de la Bobfime, vol. 6, pi. 2a5, box IH; pi. 217, box V; pi. 218, figs. 21-23; pi. 281, figs. 1-6, 1881. 

* Idem, pl.223, box IV. 

^ Kayaer, Emanuel, Die Fauna der ftltesten Devon-Ablagerungen des Harzes: Abh. geoLSpecialkarte Preussen, vol. 2,pt. 4, p. 133, pi. 19, fig. 1, 
1878. 

* Barrois, Charles, Faune du calcaire d'Erbray: Soc. gtol. Nord M^m., vol. 3, p. 173, pi. 10, fig. 9, April, 1889. 
» Hall, James, Paleontology of New York, voL 5, pt. 1, p. 243, pi. 26, fig. 5, 1884. 

» Idem, p. 91, pi. 83, fig. 14. 

" Walcott, C. D., Paleontology of the Eureka district [Nevada]: U. S. Oeol. Survey'Mon. 8, p. 168, 1884. 
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In the Middle Devonian (Hamilton) of America limoptera s. str. reaches its maximum 
development. Several species occur in the Hamilton f aimas of New York ^ and Indiana.' 

The genus is not reported from any faimas more recent than the Hamilton. Its range is 
therefore from the middle part of the Silurian to the Middle Devonian and it is most wide- 
spread in the upper Eo-Devonian and the Meso-Devonian. 

Limoptera paucikadiata Hall var. chapmani var. nov. 

Plate XXIII, figures 4, 10. 

Hall's original species is described from a single internal cast of the left valve in the New 
Scotland (**Delthyris'0 limestone of New York. An imperfect internal mold in the Chapman 
faunas agrees superficially with Hall's specimen as figured, but the corresponding external mold 
from Maine shows some interesting features of ornamentation not indicated on the interior. 
Whether such external features will be found on the New York L. pauciradiaia, should that 
species ever be discovered, is of course problematic. The Chapman fossil may therefore be 
identical with L. paudradiata (Hall) or it may be quite distinct. I have chosen for the present 
to describe the specimens as the variety chapmani, in the belief that this ** variety" will ulti- 
mately prove to be either a synonym or a distinct species. 

OutUne vertically elongated, nearly erect, slightly obUque; obliquity 15° or 20® from the 
perpendicular. Height (about 39 millimeters) equal to or a little greater than one and one-half 
times the length (about 26 milUmeters). Posterior wing very large, the height of the wing 
equal to its length; wing distinctly demarcated from the body. The posterior margin of the 
wing is concave; for the greater portion of the height the margin extends upward and only 
very slightly forward in a nearly straight line, and then for a shorter distance curves backward 
a Uttle more strongly to the hinge. The anterior portion of the shell including the ear is unknown. 
The body of the shell is narrow and high. The umbonal angle is acute, hardly, if at all, exceeding 
about 45°. The beaks are depressed to the hinge line and do not extend above it; they are 
situated very far forward on the hinge or are subterminal. The specimen is broken, so that it 
can not be ascertained whether or not the beaks are quite terminal, though they appear not to 
be. The obhque height or axis of the body is equal to about twice the oblique width or length 
of the body. The anterior margin is apparently nearly vertical and is sUghtly rounded. The 
ventral mai^n is deeply convex. Most of the posterior margin of the shell is included in the 
wing. The hinge extremity is approximately directly over the posterior extremity of the body. 
The left valve described and figured is somewhat crushed from front to back, but even so it is 
only of moderate convexity and not ventricose. The wing is concave. The front slope of 
the body to the anterior margin is abrupt. The point of maximum convexity is on the middle 
of the body. Ligamental features, dentition, and muscular scars imknown. 

The internal mold is marked on the middle and hinder portion of the body by coarse low 
radial ribs, the number of which is indistinct but is apparently eight or nine, as in L, paudplicata; 
certainly not greater than ten or twelve. Near the ventral margins the ribs become obsolescent, 
and this portion of the shell is marked dominantly by concentric striae of growth. Compare 
similar senile obsolescence of radial ornamentation in Limoptera alu (Barrande);* Limoptera 
m,a4Toptera (Conrad),* Edenodesma hirostraium Hall,* and Tiogana chemuTigensis (Conrad). • 
Such more or less abrupt senile obsolescence of radial ornamentation, usually accompanied by 
increasing dominance of the concentric striae, is a very common feature in radially ribbed 
pterinoid and aviculoid shells. The anterior portion of the body is without any distinct radial 
ornamentation. The wing on the internal mold is also without radial ornamentation and is 
marked by concentric lamellose striae of growth, which occasionally becomes varicose. Con- 

« Hall, James, Paleontology of New York, vol. 5, pt. 1, pp. 243 et seq., 1884. 

' Idem, p. 244, pi. 26, figs. 1-4; pi. 92, figs. 1-3. See also Kindle, E. M., The Devonian fossils and stratigraphy of Indiana: Indiana Dept. 
Geology and Nat. Res. Twenty-fifth Ann. Kept., p. 664, pi. 13, fig. 6, 1900. Kindle mentions its occurrence in the JefiersonviUe (" Comiferous") 
limestone, as well as in the Sellersburg limestone, of Hamilton age. 

* Barrande, Joachim, op. cit., pi. 218, figs. 21, 22. 

4 Hall, James, Paleontology of New York, vol. 5, pt. l|f>L 92, fig. 9. 
^ Idem, pi. 84, fig. 20. 

• Idem, pi. 16, fig. 10. 
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centric strise also cross the body, but at greater intervals. On the external mold the wing is 
ornamented with fine radial lines, eight or nine in the space of 5 millimeters. These radial 
lines are separated by interspaces two or three times their width; they are crossed by con- 
centric elevated lamellose lines which arch forward in the interspaces. These concentric 
lamellose lines are closely set and continuous, 16 having been counted in the space of 5 
millimeters. They also cross the body of the shell, especially in the hinder portion, where 
they are visible in the interspaces between the ribs and on the forward portion of the body. 
On the external mold the radial ribs on the body are seen to be very much narrower than their 
broad interspaces; on the forward part of the body the ribs appear to be obsolescent, concentric 
striae being more dominant. Ten or twelve principal ribs may be counted on the body, and in 
a couple of interspaces on the hinder part of the body a finer rib is intercalated. The concentric 
strise crossing the ribs are imbricose. 

Locality: Chapman sandstone, Edmunds Hill, Chapman Township, Aroostook County, 
Maine. 

U. S. National Museum, catalogue No. 59802. 

Comparisons, — The shell agrees with the Helderbergian Limoptera pauciradiata (Hall) in 
having the height greater than the length; in the very slight obUquity (only 15° or 20° from 
the perpendicular) ; the radial ribs on the body few in number (less than 10) ; the wing large, 
as high as long, and, on the internal mold or cast, without radial ribs but with strong concentric 
markings, etc. 

Apparently the same species is represented by the shell termed ^'Pterinea inter costata^^ 
Clarke, from the Eo-Devonic fauna of Dalhousie, New Brunswick. In the Dalhousie shell the 
wing is not quite so high as in the Chapman and New Scotland forms of L. paiiciradicUa. The 
Chapman shell has the high wing of the New York type, but is smaller, more nearly of the 
size of the Dalhousie fossil. All three, if they do not actually represent a single species, may 
be closely associated in a characteristic group of Umopteroid shells. 

Oenua PBBAVICT7LA gen. nov. 

Some shells, the external characters of which are very close to those of Megambonia ohlonga 
Hall, are here separated from the genus Megambonia Hall and placed in a new generic group, 
Preavicula. The type species I have supposed to be identical with Hall's species Megambonia 
ohlonga, but the material on which the genus is founded is from the Chapman sandstone. In 
case Hall's incompletely understood species on further investigation proves to represent a dif- 
ferent shell the specific name Preavicula ohlonga will remain as the designation of the Chapman 
species. 

The shells are heteromyarian or monomyarian shells, having the anterior muscular scar 
deep and distinct, though minute, and situated in the rostral (umbonal) cavity rather than on 
the ear; the posterior scar large, well defined, situated below and back of the middle, and 
distant about its own width from the posterior margin. The outline is characteristic, differing 
from that of normal AvicuUdae in that both the anterior and posterior margins are convex 
throughout, the latter retrorse and obtusely curving into the very short hinge line, so that 
the outline corresponds more nearly with that of the Cyrtodontidae. There is, therefore, in 
these shells no true aviculoid alate wing, nor is there any true aviculoid or pterinoid auricle. 
An anterior end in front of the umbones is well developed, but it merges into the gibbous body 
and is not separable from the body by any byssal sinus or marginal insinuation of outline, nor 
does either the anterior or the posterior margin become concave just below the hinge line. 
This last-mentioned feature serves to distinguish the shells from Butotia and indicates that 
the shells, though of large size, represent a condition in outline, equivalve convexity, and mus- 
culature present in the embryonic forms in the more recent Avicula. The fossils in outline, 
in convexity, and in ligament might easily be mistaken for members of the Cypricardites- 
Cyrtodonta group, but the muscular scars prove their heteromyarian character. The generic 
diagnosis is as follows: 
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Equivalved, inequilateral, oblique; the umbones full, directed anteriorly, and in the typical 
forms situated more than one-third the length of the hinge line from the front. Anterior end 
large, rounded, not separated from the body by any byssal sinus or marginal insinuation of the 
outline; anterior margin convex throughout and rounding into the hinge line. The body of 
the shell is inflated below the umbones, and oblique (when oriented with the hinge line, horizon- 
tal). Posterior margin retrorse, convex throughout, rounding into the hinge line. Hinge line 
short; in typical specimens continuously straight in front of and behind the beaks. The por- 
tion behind the beaks is slightly longer than the anterior portion. Both valves are highly 
inflated and apparently equivalve, but the two have not been observed in conjunction. Two 
isolated left valves viewed in profile from the anterior end show appearances of a slight gape 
of 1 to 1.5 centimeters below the hinge, but whether ai> actual gape really existed can not be 
determined. 

On the interior the forward muscular scac is distinct, though minute* and is deeply impressed 
about the apex of the umbonal cavity, rather than on the anterior end of the shell. The 
posterior scar is 4 or 5 millimeters broad, is situated back of and slightly below the middle, 
and is separated by about its own width from the posterior margin. Pallial line strongly 
developed on clean internal molds; simple. Two very low, faint ridges diverge from, the 
umbo on the interior of the valves and terminate, respectively, at the front and at the back 
of the posterior muscular scar. Ligament external; observed on only a single specimen, where 
it was striated and about a millimeter in width. The hinge is apparently edentulous. The 
shell is of moderate thickness, pearly on the interior, surface smooth or with tenuistriate lines 
of growth. The Chapman shells here identified with Megambonia oblonga Hall are selected 
as the type of the genus. 

In the convex posterior margin and absence of the real aviculoid or pterinoid wing the 
genus Preavicula represents a primitive or embryonic type of Avicula comparable with a few 
Ambonychidae and with the genus Ehombopteria Jackson. From the Ambonychidee Preavicula 
may be distinguished by its distinct, rather large anterior end and by the presence of a distinct 
anterior muscular scar. From Rhombopteria Jackson Preavicula differs in ornamentation; 
in Rhombopteria the anterior end has the character of the usual aviculoid or pterinoid auricle, 
whereas in Preavicula the anterior margin is convex throughout without a marginal sinus to 
form an "auricle." Rhombopteria is described as having teeth, the posterior laterals elon- 
gated. Preavicula apparently lacks posterior lateral teeth, and no cardinal teeth have been 
discovered in it. Finally, Rhombopteria is pronouncedly inequivaive. Rhombopteria was 
noted by Jackson as being one of the most primitive aviculoids known. Preavicula appears 
to be an oven more primitive type, for not only is the normal aviculoid posterior wing absent, 
but the aviculoid "auricle" as such is also absent, the shell having much the outline and exter- 
nal appearance of the dimyarian Cypricardites-Cyrtodonta group. Posidonomya conforms 
with Preavicula in having no true auricle; and in Posidonomya becheri Brown the posterior 
margin is often convex or nonalate throughoSit. The Posidonomyidae are, however, thinner 
and much more compressed shells and have narrower ligaments. Typically also in Posidonomya 
the posterior margin is concave for a short distance just below the hinge line. 

The afl&nities of Preavicula appear to be with the nonauriculate, nonalate, edentulous, 
concentrically marked Posidonomya Brown, ?Aucella Kcyserling, and Rutotia De Koninck. 

Besides the type species, the genus Preavicula probably includes Rutotia eUiptica Whid- 
borne,* from the Eifelian or Meso-Devonian and from the Cuboides zone or lower Neo-Devo- 
nian of Lummaton and Woolborough, England; Modiolaf annvlosa De Koninck,' from the 
Carboniferous of Vise, Belgium; and probably Pterineaf myiUoides Clarke,* from Dalhousie, 
New Brunswick, in Eo-Devonian rocks. The last-named species may not be specifically distinct 
from the type species. 

1 Whidbome, O. F., A moxu^raph of the Devonian fauna of the south of En.'^Iand, pt. 1, vol. 2, p. 55, pi. 5, figs. 2-9 (not pi. 4, figs. 9-10, which 
show a mytlloid), London Paleontogr. Soc, 1892. 

s De Koninck, L. O., Faune du calcaire carbonif^ro de la Belgique, pt. 5, Lamellibranches, p. 180, pi. 29, fig. 18, 1885. 
s Clarke, J. M., Some new Devonic fossils: New York State Mus. Bull. 107, p. 208, fig., 1907. 
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Preayicula oblonoa (Hall). 

Plate XXV, figures 21, 22, 25, 26; Plate XXVI, figures 11, 15, 16. 

(7) 1859. Megamhonia ohlonga. Hall, Paleontology of New York, vol. 3, p. 277, pi. 50, ^g. 5. 

Helderbeig shaly limestone: Schoharie County, N. Y. 
(?) 1907. Pterineat mytiUndes, Clarke, New York State Mus. Bull. 107, p. 208, fig. 

Lower Devonic: Dalhousie, New Brunswick. 

* 

The Chapman sandstone specimens here identified with Hall's species display the following 
characters: 

Shell rather large, inequilateral, obliquely nturow ovoid, with the body obliquely inclined 
at an angle of 45°, more or less, from the short hinge line. Umbone subcentral, situated at about 
the anterior two-fifths the length of the hinge, directed forward and protruding somewhat above 
the hinge line. Anterior to the beaks the hinge line is straight, continuous with the portion 
posterior to the beaks and rounding forward into the anterior margin. The anterior margin is 
convexly rounded throughout; for the uppermost centimeter it is commonly vertical and per- 
pendicular to the hinge line, though occasionally it is vertical for only a few millimeters. Below 
this vertical portion the anterior margin swings backward and downward in a broad, shallow 
curve, swinging abruptly into the retrorse posterior margin without the intervention of any 
definable ventral margin. The anterior extremity of the shell is 2 to 10 millimeters below the 
hinge line; the lowest point of the margin is far back, either directly below or, more commonly, 
posterior to the hinder hinge extremity. The posterior margin is retrorse and convex through- 
out, with the hmdmost extremity near the postventral angle, approximately midway in height 
between the ventral margin and the base of the posterior muscular scar. The lower three- 
fourths of the anterior m^gin forms with the posterior margin an obUque symmetrical elongate 
semieUipse. The hinge extremity is obtusely rounded. The hinge margin and the portion of the 
shell immediately below were apparently thin; they are rarely preserved. The hinge line appears 
te have been short and straight or nearly straight. Both valves are ventricose, especially over 
the middle of the body and in the umbones. The umbones project somewhat above the hinge 
line. There is no flattened posterior aviculoid wing, the postumbonal slope being convex and 
very steep. For 1 or 2 millimeters below the hinge line the postumbonal slope becomes less steep, 
but this portion of the shell is broken off in the great majority of specimens. Just back of the 
beaks the posterior slope is very steep, nearly vertical. The slope te the anterior margin ia also 
steep. Occasionally a portion of the anterior end of the shell which includes the supposed gape 
appears to be faintly inflated like an aviculoid ''auricle." The anterior portion immediately 
in front of the beaks was depressed convex but is usually broken oflF in the specimens. The point 
of maximum depth is over the center of the shell. The depth of each valve is equal to a quarter 
of the length from beak to postventral extremity. 

A profile examination from the anterior end of four or five internal molds of isolated valves, 
both right and left, shows a gape 1 or 2 millimeters deep in each valve. This gaping portion of 
the shell extends along the anterior margin for about 1.75 centimeters below the hinge line. 
The appearance suggesting this slight gape has been observed only on isolated valves in internal 
molds when viewed in profile from the anterior end. I have seen no specimens with both valves 
in conjunction; and the appearances, if not deceptive, may possibly be only accidental. On one 
of the specimens from Edmimds Hill the hinge Une is preserved with a striated ligamental area 
a little over 1 millimeter in width. This area is inclined at a low angle to the plane of the margin. 
Dentition not observed. Several clean internal molds indicate probable absence of posterior 
lateral teeth. The anterior scar is a pit about 1 millimeter in width in large shells, deeply sunken 
into the forward part of the umbonal cavity, near the margin between the cavity and the anterior 
portion of the shell. The position of the anterior scar is in the umbonal cavity rather than on 
the anterior end or auricle. The posterior scar is situated entirely back of and below the middle 
of the shell. It is 4 to 6 millimeters in width in mature and large shells, and it is separated 
by its own width from the posterior margin and also from the middle of the shell. The pos- 
terior scar is strongly impressed, though less so than the anterior scar. The dorsal and 
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anterior margins and to some extent the ventral margins of the posterior scar are well defined 
and impressed into the shell; the hind margin of the posterior scar is not definable. 

Clean internal molds of the interior of both valves show a low, rounded, faint radial fold 
extending from the forward extremity of the posterior muscular scar toward the umbones and 
similar fold extending from the postdorsal comer of the scar toward the umbones. Pallial line 
simple, rather deeply impressed into the shell. The paUial line reaches the postventral portion 
of the posterior scar, so that most of the scar b included within the palhal line. 

The surface ornamentation is variable. A few specimens appear smooth or with faint 
concentric imdulations, but most of them are concentrically striate, and fascicles of growth may 
be elevated into low incomplete undidations, or into several lamellose varicles of growth. The 
striae appear to be most strongly impressed on the forward part of the body and especially on 
the pseudo auricle. 

A nearly mature specimen has a length of 33 millimeters from beak to postventral extremity. 
In large and matmre specimens this distance is from 49 to 64 millimeters. 

Locality. — Chapman sandstone, 2 miles west of Presque Isle Stream (locaUty 1099 J) ; several 
small specimens from locaUty (1099 K) 2 J miles west of Presque Isle Stream; Chapman Town- 
ship, Aroostook County, Maine. Some large imperfect casts found loose on Edmunds Hill 
Gocalities 1099 C, C) seem to belong to the species; one of them which is figured shows the 
ligament. 

U. S. National Museimi, catalogue Nos. 59803, 59804, 59805. 

Comparisons. — The specimens as ordinarily preserved present the external aspect of the 
New Scotland Megamhonia ohlonga Hall, agreeing in every essential particular except in lacking 
the broad, shallow sinus which Hall described as occurring in the ventral margin of the New 
York shell. However, it may be that this described insinuation in Megamhonia ohlonga is not 
real. The lines of growth represented in Hall's figiu'e show that the anterior margin in the New 
York types was, as in the Maine shells, convex throughout, and that the apparent insinuation is 
due to incompleteness of the specimens. 

Pterineaf mytiloides Clarke,^ from Dalhousie, New Brunswick, also appears to represent a 
closely similar if not the same specific type. The Dalhousie fossil was figured as having a 
modiomorphoid ventral insinuation. It is smaller than the Maine specimens and, as figured, has 
a longer posterior hinge line and is more obhque. Preavicula eUiptica (Whidbome) is easily 
distinguished from the Chapman forms in outline, and especially in having the anterior and 
posterior portions of the hinge Une discontinuous. In Preavicula annvlosa (De Koninck) the 
body is much broader than in the Chapman shells. 

Preavicula bbevis sp. no v. ^ 

Plate XXVI, figures 8, 9. 

Two specimens associated in the same rock with Preavicula ohlonga differ from that species, 
being much less extended along the line of the umbonal slope, so that the outline is broadly 
oval, with the length scarcely greater than the width. In the imibonal portion, the cardincJ 
slope, and the general form of the upper portion of the shell P. hrevis is very similar to the more 
common species. Comparison is made difficult by the fact that only two specimens, both left 
valves, of P. hrevis are available. Possibly they represent a short variety of the more oommon 
shell, but xmtil more specimens are obtained the separate name may stand. 

Locality: Chapman sandstone, in a calcareous sandstone 2 miles west of Presque Isle 
Stream, Chapman Township, Aroostook Coimty, Maine. 

U. S. National Museum, catalogue No. 59806. 

Genus LEIOPTEBIA HaU. 

The genus Leiopteria was founded by HaU to include some concentrically striated, oblique 
aviculoid shells, such as Leiopteria deJcayi and L. raf/nesqui Hall and nearly a dozen other species 
from the Hamilton; Avicula laevis Hall, from the Marcellus; AvicvJa chemungensis Vanuxem 

1 Clarke, J. M., New Yotk State Mus. Bull. 107, p. 208, fig., 1907. 
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and X. linffuiformis Hall, from the Portage (Ithaca shale member) and the Chemung; and X. 
Unreyi, from the higher sandstones and conglomerates of the Chemimg formation near Panama, 
N. Y. In the left valves the shells are superficially indistinguishable from Pterinea Issvis Groldf uss, 
the genotype of Pterinea, conforming with Pterinea s. str.* in the obliquity, convexity, small 
rounded ear, well-developed byssal sinus, long obUque body, well-developed wing, with deeply 
sigmoidal posterior margin, and concentric ornamentation. Leiopteria is distinguished from 
Pterinea, however, in having the right valve always convex and frequently almost or quite 
equal in size to the left valve; the ligamental area is narrower than in Pterinea, and the lateral 
teeth, if present, are close under the hinge line, not oblique. Leiopteria is also closely allied 
to the genus Pteronitella Billings, agreeing with it in having the right valve convex and fre- 
quently nearly or quite equal to the left valve, and in having the posterior lateral teeth close 
under the hinge line. The shells of both genera are also concentrically ornamented. Leiopteria 
differs from Pteronitella in being always more oblique, not erect, and in having the byssal sinus 
generally better developed. Anatomically Leiopteria differs from Pterinea, Pteronitella, and 
the pterinoids in lacking the definable anterior muscle on the ear; the paUial Une ends in the 
umbonal apex. Leptodesma Hall is distinguishable from Leiopteria by its greater obliquity, 
smaller size, and generally less definite byssal sinus; moreover, as suggested by Hall, the anterior 
end is roimded and auriculate in Leiopteria and usually pointed and nasute in Leptodesma. 

A full generic diagnosis of Leiopteria Hall is as follows: 

Shell obliquely aviculoid; biconvex; right valve convex, equal to the left in many specimens, 
but generally a little less convex; never resupinate. Axuicle distinctly developed, roxmded, 
usually not pointed; separated from the body by a well-developed byssal sinus. Body of the 
shell elongated ovoid; oblique, generally about 30° from the vertical, rarely if ever 45® or more; 
deeply rounded below. The umbones are near the anterior end but never terminal and are 
directed forward. The posterior wing is distinctly developed, flat to concave, and with a con- 
cave posterior margin. The body of the left valve is of moderate convexity; the wing is flat to 
concave; the auricle is convexly rounded; and the byssal sinus is typically represented on the 
surface as well as in the margin. Ligament external, extending the length of the hinge line; 
usually very thin or linear and marked by only a single striation {Leiopteria Isevis, conradi, 
greenij rafinesqui, sayi, bigsbyi, mitcheUi, and gdbbi Hall); occasionally slightly broader and with 
two or three striations (i. deJcayi and linguiformis Hall), rarely with several strisB (Z. riesiana). 
No cardinal teeth yet reported or observed. Posterior lateral teeth not generally observable, 
but in a few shells apparent traces of a ridge or posterior lateral tooth have been recorded by 
Hall close imder the ligament. Posterior muscular scar large, broadly oval to subcircular, 
situated mainly or entirdy upon the body of the shell (L. linffuiformis Hall). The anterior 
scar has been observed only in the Chapman species i. riesiana, where it is minute and not very 
well impressed and is situated in the forward part of the rostral cavity (compare Glyptodesma, 
Leptodesma, Limoptera) and not upon the auricle, as in Pterinea, Cornellites, Follmannella, 
ActinoptereUa, and Pteronitella. In Hall's description of L. deJcayi Hall, the genotype of 
Leiopteria, he mentions a low, septimi-Uke ridge between the auricle and rostral cavity. This 
may possibly be the posterior boxmdary of a small anterior muscular scar; if so, it would seem 
to indicate that the scar is really situated on the auricle. PaUial Une simple. SheU thin. 

The surface ornamentation consists of concentric striae, strongest on the posterior half of 
the body and on the wing. No radial ornamentation except, very rarely, a few faint radial 
lines on the body of the right valve. 

More than a dozen species of Leioptera, ranging from the lowest Meso-Devonian (MarceUus) 
to the highest Neo-Devonian (higher sandstone and conglomerates of the Chemimg near Panama, 
N. Y.), were described by HaU.' The genus seems to attain its maximimi development in 
species, individuals, and varieties in the Hamilton formation throughout the calcareous facics 

of western New York, the shaly facies of central New York, and particularly the arenaceous 

• — » 

1 Williams, H. 8., On the revislan of the mollusk genus Pterinea Goldfoss: U. S. Nat. Mus. Proc., vol. 34, pp. 83-00, 1906. 
* Hall, James, Paleontology of New York, vol. 5, pt. 1, 18S4. 

50245 '^—No. 89—16 ^14 
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f acies of eastern New York. It is cosunon also in the Hamilton type of fauna, which continues 
into the Ithaca shale member of the Portage formation in eastern New York. It is rare at 
Ithaca and in the Chemung. The genus passes down below the Marcellus into the Oriskany, 
where it is represented by Megarribonia (Leiopteria) lameUasa Hall/ from the Oriskany sandstone 
of Oriskany Falls, Oneida Coimty, and the Helderberg Mountains in Albany and Schoharie 
ooimties, N. Y., a very large form of Leiopteria aspect;. Hall neither figured nor described the 
right valve, the hinge, nor the internal structure, but the fact that he included the species in 
Megambonia, which is equi valve or nearly so, indicates that the right valve, if it has been seen, 
is convex as in Leiopteria. The genus occurs also in the lower and middle parts of the Helder- 
berg group and as low as the Rochester shale member of the Clinton formation of the Niagara 
group. It is apparently unknown in the Ordovician. 

Above the highest Devonian Leiopteria occurs, as reported by Herrick and by Miller and 
Gurley, in the Mississippian (*' sub-Carboniferous'') faimas of the Mississippi Valley, but these 
post-Devonian so-called species of Leiopteria ' are smaQ, very obUque shells, with broad, unde- 
fined byssal sinus, and ought for the most part to be included in Leptodesma Hall. Avicula 
subspaivla Herrick' however, from the Mississippian of Newark, Ohio, seems to be a typical 
Leiopteria in outline and convexity. In Europe Leiopteria is reported from the Carboniferous 
by De Koninck,^ who records 21 species from Stages II and III of Belgiimi and equivalent 
British rocks. Of these L. phiUipsi (De Koninck),* L. lunulata (PhiUips),' and L. maccoyi 
(De Koninck),' approach Leiopteria only remotely; the other species described by De Koninck 
are, as in the American Carboniferous, typical Leptodesma — ^very obhque shells of small size, 
with broad, imdefined byssal sinus. Hind also confused the genus Leptodesma with Leiop- 
teria. Leiopteria grandis Hind,* from the Carboniferous limestones of Yorkshire and Derby- 
shire, England, seems to be the only really typical described form of Leiopteria in the British 
Carboniferous; the remaining seven species described and figured by Hind are either the usual 
small, very obUque, typical Leptodesma (i. thompsoniy L. Mrundo, L, longirosiris) or inter- 
mediate Leiopteria-Leptodesma shells (Z. lunulata pars, X. laminosa pars), except Leiopteria 
oltusa (McCoy), which appears to be a small Ptychopteria. The genus Leiopteria therefore 
probably extends up into the Carboniferous, though it is very rare above the Devonian. 

As to the Devonian and Silurian distribution outside of New York, the genus Leiopteria 
has been recorded by Walcott" from the Lower Devonian of the Eureka district, Nev., and by 
Clarke ^® (L. hawkinsi Clarke) from the Lower Devonian of the Rio Curua, Para, Brazil 

In the English Devonian the genus appears to be imrecognized. The so-called Leiopteria 
lingulata Whidbome *^ is a pectenoid shell of the genus Crenipecten, or possibly Streblopteria 
or some aUied form. Leiopteria is, however, well developed in the French Devonian, where 
it is represented by Avicida gerviHei Oehlert," Avicula pseudolsevis (Oehlert) s. str.," Avicyla 
pulclieUa Oehlert,** Pterinea Icerfomei Oehlert,*® Leiopteria picta Oehlert,** Leiopteria viennayi 
Oehlert,*' and Leiopteria leucosia Oehlert.** 

» Hall, James, Paleontology of New York, vol. 3, p. 467, pi. 109, figs. 6, 6, 18fi0. 

* See Weller, Stuart, A bibliographic inde.x of North American Carboniferous invertebrates: U. S. Qeol. Survey Bull. 163, p. 318, 180& 
s Herrick, C. L., The geology of Licking County, Ohio, pt. 4: Denison Univ. Sci. Lab. Bull., vol. 4, p. 30, pi. 5, fig. 11, 1888. 

4 De Koninck, L. O., Faune du calcaire carbonif^re de la Belgique; Lam^Uibranches: Mus. royal hist. nat. Belgique Annales, vol. 11, pp. 187 
et seq., pi. 30, 1885. 
ft Idem, pi. 30, fig. 8. 

* Idem, pi. 30, fig. 4. 
7 Idem, pi. 30, fig. 3. 

* Hind, Wheelton, A monograph of the British Carboniferous Lamellibranchiata, vol. 2, pt. 1 (London Paleontogr. Boo. Pub., vol. 55), p. 10, 
pi. 3, figs. 12-15; December, 1901. 

> Walcott, C. D., Paleontology of the Eureka distrtet [Nevada]: U. S. Oeol. Survey Mon. 8, p. 166, pi. 5, fig. 10, 1884. 
10 Clarke, J. M., The Paleotoic faunas of Para, Braxil, pt. 2, Devonian ICollusca: Mus. nac. Rio de Janeiro Arch., vol. 10, p. 49, fig., 1809 (author's 

English ed., 1900). 

u Whidbome, 0. F., A monograph of the Devonian fauna of the south of England, vol. 2, pt. 2, p. 78, pi. 10, fig. 1, 1892. 

IS Oehlert, D. P., Documents pour servir A I'^tude des faunes d^oniennes dans I'ouest de la France: Soc. g4ol. France M^., 3d ser., vol. 2, 
p 22, pi. 3, fig. 4, 1881. Lower Devonian, Nehou, La ICanche. 

IS Idem, p. 23, pi. 3, fig. 5. Nehou. 

u Idem, p. 24, pi. 3, fig. 6. Nehou. 

1^ Oehlert, D. P., Note sur quelques p^l^cypodes d^voniens: Soc. g^l. France Bull., 3d ser., vol. 16, p. 642, pi. 14, fig. 1, 1888. 

!• Idem, p. 643, pi. 14, fig. 3. 

1' Idem, p. 643, pi. 15, fig. 3. 

" Idem, p. 644, pi. 14, fig. 2. 
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In the German Devonian several species of Leioptera, probably distinct, are called by 
Freeh* Avicvla crenatolamdlosa Sandberger var. pseudolxvis Oehlert. Avicvla schrenki Freeh * 
is also a Leiopteria. All are from the Eo-Devonian. Avicvla (Leiopteria) vnnteri Freeh* 
is from the lower Meso-Devonian (Calceola beds). Freeh calls Leiopteria the "group of 
Avicvia vnrUeri,*^ considering Hall's genus a synonym of Avicida. Avicula (Leiopteria) sp. 
Freeh,* from the Belgian Gedinnian, appears to be a pooriy preserved Actinopteria or Actin- 
optereUa; it shows traces of radiate ornamentation on the body. 

In the Bohemian basin the genus Leiopteria is fairly well developed in both the Silurian 
and the Eo-Devonian. To it are referable Avicula opportuna Barrande,* which appears to be 
a large typical member of the genus; A, carens Barrande,' A. impotens Barrande/ and A. 
serviens Barrande,® all from the Silurian ^tage E ^ (Aymestry or Ludlow equivalent) ; and Avi- 
cula imperfecta Barrande,' A. invisa Barrande,*° and A. graiior Barrande," from the Eo-Devo- 
nian or Hercynian ^tage F^. 

Leiopteria riesiana sp. nov. 

Plate XIX, figure 21. 

This species is characterized by its equivalve, depressed convexity, slight obliquity, and 
very small ear; by the posterior margin of the wing being not at all or only slightly concave, 
and with an obtusely angled posterior hinge extremity; and by the absence of lamellas of growth. 

Shells vertically elongate, aviculoid, with height (perpendicular to the hinge line) gener- 
ally a sixth greater than the horizontal length, rarely as much as a fourth. Beaks compressed, 
not protruding above the hinge line, prosogyrate, situated very near the anterior end, from 
which they are separated by a minute auricle. The hinge line is decidedly less than the length 
of the shell, the portion behind the beaks equaling half to three-fifths the horizontal length 
of the body. The posterior hinge extremity is angular, the upper posterior margin directly 
imder the hinge being parallel with the oblique axis of the shell. The posterior margin is hardly 
or not at all sigmoidal, the upper part straight or shghtly convex, rarely slightly concave. The 
greater portion of the posterior margin is distinctly convex, with the hindmost extremity at 
the inferior third op two-fifths the height above the base. Ventral margin deeply belhed down, 
with the inferior extremity toward the rear, generally at the posterior third or fourth, rarely 
just back of the middle. The ventral margin rises in a broad sweep into the convex anterior 
margin. The anterior margin continues convex for two-thirds to three-fourths the height; 
then develops a fairly long but shallow byssal sinus in the margin, and is again convex over 
the small roimded auricle. The anterior mai^in, for the upper third of the height of the shell, is 
inclined to the hinge line at a right angle or at a slightly obtuse angle. The forward extremity 
of the shell is on the body above the midheight. The obUquity from the perpendicular varies 
from 18® to 23° but is generally nearer the latter. Shell equivalve; depressed convex. The 
body strongly depressed over the greater portion, shghtly more convex over the umbones. The 
byssal sinus is shallow and hardly discernible on the surface. The wing is concave, nearly flat, 
and fairly well marked oflF from the body. The thickness, with both valves in conjunction, varies 
between two-sevenths and two-fifths the length (''width'')- Ligament and dentition unknown. 
The anterior end of the palhal line ends in the rostral cavity, not on the auricle. The anterior 
muscular scar is minute and not very deeply excavated. The posterior scar is much larger, 
subcircular in outline, 1 centimeter in diameter, and is situated entirely upon the body of the 

- — — — _ ■ ■- — -^ _ .. 

1 Freeh, Fritz, Die devonischen AvIcoUdeii Deutschlands: Abh. geol. Specialkarte Preassea, vol. 9, pt. 3, p. 51, pi. 4, figs. 5,5a (7), 6b, 5c, 
13, 13a, 13b. 

s Idem, p. 56, pi. 4, figs. 8, 8a. 

* Idem, p. 47, pi. 4, fig. 11. 
4 Idem, p. 48, pi. 7, fig. 4. 

ft Barrande, Joachim, Syst^me silm-ien du centre de la Boh^me, pt. 1, vol. 6, pi. 223, box III, 1881. 

* Idem, pi. 225, box V. 
7 Idem, pl. 229, box I. 
> Idem, pl. 223, box it. 

* Idem, pl. 222, box I, fig. 12. 
!• Idem, pl. 222, box I, fig. 13. 
» Idem, pl. 217, box III. 
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shell, at the midheight and extending just back of the center. The pallial line is strongly 
impressed on internal molds and is radially wrinkled in the lower portion. It extends vertically 
downward from the rostral cavity in a depressed convex arch, sweeps backward in its lower 
portion to a point below the posterior muscular scar, and rises for a short distance upward 
and backward to the scar. The scars and pallial line somewhat resemble those of Myalina 
maureriana. 

Internal molds are commonly smooth; a ''sculpture cast" shows fine obsolescent concen- 
tric striad of growth, with no conspicuous varices. The striae are a little finer and more even 
on the wing. 

The size is indicated by the following dimensions: 

DtTnenHons of typical apecimens ofLeiopteria riesiana. 



Height 
(millimeteFs). 


Length 
(millimeters). 


Thickness 
(millimeters). 


45 
43 
42 
35 


38 
36 

33.5 
30 


11 
11.5 



Locality: Chapman sandstone, Presque Isle Stream, Chapman Township, Aroostook 
County, Maine. 

U. S, National Museum, catalogue No. 59807. 

Comparisone. — ^The species closely resembles Leiopteria hawhinsi Clarke from the Ek>- 
Devonian Rio Curua fauna of Para, Brazil; but in the Maine species the posterior maigin of 
the whig is not at all or only slightly concave, and the angle formed at the posterior hinge 
extremity, like the angle formed by the hinge line with the upper anterior margin, is obtuse, 
not acute. These features, especially the obtuse posterior hinge angle, will also distinguish 
the species from many of the other forms of Leiopteria. 

FmnOj MYAUNIDiE IVedu 

In his discussion of the Devonian Aviculas of Germany Freeh ^ proposed the name Mya- 
lininiie as a subfamily under AvicuUdie, to include Myalina De Koninck, Mytilarca HaU, and 
Plethom>*tilus Hall. The genus Myalina is subdivided, according to Freeh, into three groups, 
as follows: (1) Myalina s. str., *'Gnippe der Myalina rhenana Freeh" = Plethymytilus HaU; 
(2^ **Gruppe der Myidina hikinnrnsis (F. Roemer)*'= Mytilarca Hall (pars): (3) '*Gnippe der 
At*ji}1ina kxiantf^sis Freeh.'' 

On the other hand. Dall,' in revising the classification of Peleeypoda, places the genus 
My alma De Koninck in a family MytUinidse Freeh, separate from Mytilarca and Plethomytilus 
Hall, which he plac^i in the family Ambonychidie MDler. Mytilus Linnieus is placed by DaU 
in still another family. Mvtilidie Flemins:. in a different section (Dvsodonta Xeumever) of the 
Prionodesmaoea. Thtv^o are extremes of classification resulting from different points of view, 
the twi> authors giving different relative values to the several characters of the genera described. 
To oiM>n the qut^tiou as to which classification is more true to nature (whether the boundaries 
of the genus Myalina are considered to be subordinate to the family Myalinidie. or wide enough 
to include the families Ambonychidie Miller. Mytilidj^ Fleming, and Myalinid«e Freeh^ is scarcely 
pertinent to the present treatise. 

» *>K'h. Vnts. Pw vWwxiKJohifa AviovJkien IVutschliafcit: Abh. pptH Spec aC vane l>rt2S»n. wl. 9. pt. X p, 137. 1*1. 

« IXklU >\ . U.. lVi<vyp».\ii, in .*i'.:ipI. 1L A.. T>«-twwk oc' pulei^uHvvj. npvts»fd Fr^asfc <*!.. 'it.H. I. pt. I. pp. .«^i>^5t», J72L 3*x 



MOLLUSC A. 



218 



Myalina mauherl^na sp. nov. 

Plate XVIII, figures 1-6, 8, 11; Plate XIX, figuree 22, 26. 
Height greater than the length, in the proportion of 100:72, or about 11 :8; as shown below. 

Dimennons of typical specimens of Myalina maureriana. 



Height 
(millimeterB). 


Length 
(millimetere). 


Ratio of height to length. 


50 
49 
44 
22.5 
34.5 
49.5 


36 

35 

32.5 

16.5 

25.5 

35 


100:72 
100:71 
100:73 
100:73 
100:74 
100:71 



a Yoong specimen. 

Greatest length a trifle below the midheight. Greatest height near the midlength. Beaks 
rarely quite terminal; a very narrow and steeply incUned auricular portion usually discernible 
in front. Hinge line straight, rigid, always shorter than the length of the shell, the proportion 
varying from 2:3 to 10:11. The posterior hinge extremity is pointed. The upper part of the 
posterior margin near the hinge is usually very depressed convex, or nearly straight, and makes 
with the hinge line an angle of 115^. Rarely the upper portion, instead of being straight or 
depressed convex, is slightly concave, producing a faintly Avicula-alate appearance; generally, 
however, the posterior margin continues convex to the hinge. The hindmost extremity of the 
shell is a trifle below the midhe^ht, whence the posterior margin curves into the deeply arched 
ventral and antero-ventral margins, which together include a deep paraboloid semicircle. The 
lowest point of the shell is near or just back of the midlength. The anterior margin for the 
lower three-fifths of the height of the shell it situated in advance of the umbones; the most 
forward point of the shell varies from slightly below to sUghtly above the midheight; the ante- 
rior margin in the upper two-fifths recedes toward the beaks, producing a usually concave or 
constricted outline; occasionally the extreme upper anterior margin at the beaks is again 
gently convex, producing a faint, narrow, auricle-like expansion. The shells are nearly erect, 
the obliquity from the vertical being less than 10° — in some specimens almost imperceptible. 
The sheik are apparently equivalved. The body of the shell is of moderate or depressed con- 
vexity; the shell is never inflated. In the most strongly convex specimens the depth of the 
single valve does not attain one-fifth of the height, and the usual depth of the valve (in the 
internal mold) is one-sixth to two-fifteenths of the height. The point of maximum convexity 
is on the umbones, whence the surface slopes very gradually toward the ventral margin, very 
steeply to the concave portion of the anterior margin, and less steeply to the posterior part of 
the shell. A subalate upper posterior portion is roughly separated from the body by its more 
depressed convexity. The anterior margin along the concave portion of the front outline is 
deflected or curled inward in the better-preserved specimens. Hinge structure edentulous; 
but in one of the specimens the hinge line appears to be marked alotig its middle by a fairly 
long horizontal ridge or tooth in the left valve, fitting into a long, narrow trough or socket in 
the right. This structure may, however, be only accidental. The other specimens are edentu- 
lous. The ligamental area is of moderate width (for Myalina) and is inclined to the plane of 
the margin at an angle of less than 45°, varying from 10° to about 40°, generally nearer the 
former. The regular sharp, parallel strisB or corrugations which traverse the length of the 
ligament in typical species of Myalina have been observed in only a single mold. In most 
specimens the ligamental area is only obscurely striate horizontally, and there are also observa- 
ble faint striations, vertical or slightly oblique in the direction parallel to the front margin of 
the ligament. These striations are unknown in the typical species of Myalina and are probably 
an initial advance toward the divided hgament of Pema and its aUies. Just beneath the liga- 
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mental strip is sometimes developed a smooth, flat space, somewhat as in LeiomyaUna Freeh* 
The anterior muscular scar is minute and very deep and is situated under the umbones close to 
the hinge line. It is impressed on the floor of the valves, about 5 or 6 millimeters (in mature 
shells) from the front edge of the hinge line. The posterior muscular scar is single or undi- 
vided, subcircular, and about 10 centimeters wide; less strongly impressed than the anterior 
muscular scar, but usually discernible; its posterior and ventral margins inclose a semicircle; 
the upper and inner semicircumference is irregular. The posterior scar is situated at the mid- 
height or sUghtly below. It is entirely posterior to the center, but is nearer to the center than 
to the posterior margin; from the latter the impression is separated by two- thirds to seven- 
eighths its width. The paUial line is simple and well developed. From the small umbonal 
scar it extends downward and slightly forward for about half the height of the shell, then 
sweeps backward in a broad curve and reaches, near the posterior scar, a point within two-fifths 
or one-third the height of the shell above the base, or on a level with the lower margin of the 
posterior scar; the pallial line then rises slightly and reaches the scar on the lower part of the 
inferior anterior quarter. The pallial line is nowhere pitted or pustulose. It is most strongly 
impressed on the portion extending downward and slightly forward from the umbonal scar. 
In mature shells it is 5 millimeters or more from the margin. From the posterior and upper 
portion of the large muscular scar there extends upward to the low hinge a low faint ridge, 
marked by a shallow groove in the internal mold. 

The shell is 2 millimeters thick, or a trifle more, over the body. To the naked eye and 
under a hand lens no prismatic structure is apparent, the shell structure appearing plainly 
lamellose or flaky, or else crystalline with an oblique cleavage into thin laminae. Meek and 
Hayden^ have shown that the shell structure of the genus Myalina (2f. angvlata) is prismatic. 
The prisms, however, are exceedingly minute or microscopic, only one-seventieth to one three- 
hundred-and-fiftieth of a millimeter in width. To the naked eye and even under a hand lens 
the prismatic structure is not discernible, and the species of Myalina when the shell is well 
preserved present a strongly lamellose or flaky shell structure, similar to that of the present 
species. 

Internal molds are smooth and completely devoid of ornamentation. The exterior was 
marked by very faint tenuous lines of growth or very obscure wrinkles, leaving the surface 
approximately smooth, except for one or two strong lamellose or imbricating varices near the 
lower margin in old shells. Where the upper anterior margin was inflected, the inflected por- 
tion is marked by numerous closely crowded, imbricating lamellae of growth, the ornamenta- 
tion on this portion being more pronounced than anywhere else on the shell. 

Mature specimens have a height of about 49 or 50 millimeters and a width or length of 35 
to 36 millimeters. 

The distinguishing features of this fossil are its vertically elongate tall form with very 
deep ventral margin; erect outUne nearly vertical or with obhquity less than 10°; anterior mar- 
gin convex for the lower three-fifths of the height and extending downward and forward below 
the umbones, concave for only a short distance in the upper portion; shell narrow, with height 
equal to If times the length, or two or more times the length of the hinge Une; hinge line and 
upper posterior maigin forming an angle of 115°; deeply arched ventral margin; shell appar- 
ently equivalved and closed; convexity moderate, or more typically depressed; posterior mus- 
cular scar subcircular, undivided, and situated near the midheight; ligamental band wide, 
slightly inclined, and marked by faint, tenuous striae or scratches. 

This species is associated at Presque Isle Stream with shells having a broader, less deep 
ventral margin, to which may be applied the name variety lata. 

Locality : Chapman sandstone, abundant in the sandstones and some shaly layers on Presque 
Isle Stream (localities 1099 A, 1099 L) and 2^ miles west of Presque Isb, Stream (locality 
1099 B'), Chapman Township, Aroostook County, Maine. 

U. S. National Museum, catalogue Nos. 59808, 59809. 

i Meek and Hayden, Report on the invertebrate Cretaceous and Tertiary fossils of the upper Missouri country: Rept. U. S. Oeol. Survey of 
Territories, voL 3, p. 68, 1876. 
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CcTnpariaons, — Mydlina maureriana very closely resembles Clionychia excavata XJlrich, from 
the higher Ordovician beds at Richmond, Ind., a species which differs from the normal Clionychias 
in having the muscular scar situated much lower down (at the midheight and just back of the 
center) and apparently undivided. The hinge line of C. excavata is also shorter than usual, 
giving the shell a more vertically elongate appearance. In all these characters this Ordovician 
species agrees with Myalina maureriana. The genus Clionychia, however, is described by 
Ubich,^ its founder, as having a linear ligament; and the ligament in all the species described 
and figured is much narrower than in Myalina maureriana. Clionychia excavata Ulrich also 
differs in some minor points of outline from M. maureriana; the concave portion of the anterior 
margin is much longer and the shell is proportionately somewhat wider. 

The English Ludlow shell figured by Salter ' as MytUus mytHimeris (Conrad) bears some 
resemblance in outline to M. mo/wreriana but is much more oblique, the erect form of the Maine 
shell easily distinguishing it from the English fossil. 

The original '^ Inoceramus mytUimeris^^ Conrad,' from the shaly limestone? of the Helder- 
berg group [New Scotland] of New York, is erect and has an outline closely similar to that of 
Myalina maureriana. Conrad's shell, however, is ventricose and has a prominent apex and 
belongs to Mytilarca or to Plethomytilus. 

Among the Myalinas M. maureriana is closely related to the Eo-Devonian M. goeenais 
Kayser, the higher Devonian M. egregia Whidbome, the Mississippian M. svhguadraia Shu- 
mard, and the late Permian so-called Promyalina hindi Kittl, from all of which it differs in 
having the anterior margin more convex and the forward extremity of the shell much higher. 
There are also other minor points of distinction from each of these species. 

Myalina maubbbiana sp. nov. var. lata var. nov. 

Plate XVIII, figures 7, 9, 10, 12; Plate XIX, figure 28. 

Associated at Presque Isle Stream with the high, narrow typical form of Myalina maureri- 
ana above described, and nearly as abundant, are some wider shells characterized by the broadly 
outward-curving mai^n of the shell below and in front of the umbonal region, the relative 
proportion of the length to the height being greater than in M. maureriana. Excepting for 
this characteristic wide bulging out of the lateral margins and the consequent shallowing and 
broadening of the ventral margin and greater proportionate length, the variety agrees with 
the typical form. In the erect outline, short hinge, anterior margin convex for the greater part 
of the height and protruding in advance of the beak, shell closed and apparently equivalved 
or very nearly so, depressed convexity, muscular scars, paUial line, and ornamentation, both 
forms are alike. Intermediate forms occur but are rare. 

Locality: Chapman sandstone, Presque Isle Stream, Chapman Township, Aroostook 
Coimty, Maine. More than a dozen specimens have been found at Presque Isle Stream, where 
it is abundant, along with the typical form. 

U. S. National Museum, catalogue No. 59810. 

Myalina maureriana sp. nov. var. PTERiNiEOiDES (Clarke). 

Plate XIX, figures 24, 27. 

71848. Mytilus mytUimeris (not Conrad). Salter, Geol. Survey Great Britain Mem., vol. 2, p. 365, pi. 20, fig. 7, 

Ludlow: Golden Grove, Llandilo (not May Hill or Dudley). 
1907. Myalina pterinssoides. Clarke, New York State Mub. Bull. 107, p. 214, figs. 

Lower Devonic: Presque Isle Stream, Chapman Township, Aroostook County, Maine. 

Clarke's name "pterinseaides*' may be used in a varietal sense to include specimens of 
Myalina maureriana that are more oblique than the typical form. The typical forms are by 

1 Ubich, £. O., New and little-known Lamellibrenchiata from the Lower Silurian rocks of Ohio: Ohio Geol. Survey, vol. 7, p. 651, pi. 51, figs, i, 5, 
18M. " Upper beds of the Cincinnati group, Richmond, Ind." 

s Salter, J. W., Geol. Survey Great Britain Mem., vol. 2, p. 365, pi. 20, fig. 7, 1848. 

s Conrad, T. A., Observations on the Silurian and Devonian systems of the United States, with descriptions of new organic remains: Acad. 
Nat. Sci. Philadelphia Jour., vol. 8, p. 246, pi. 13, fig. 10, 1842 (read Jan. 18, 1842). "Middle Silurian shale," Uelderberg Mountain and near 
Schoharie. N. Y. 



216 FAUNA OF THE CHAPMAN SANDSTONE OF MAINE. 

far the dominant representatives of the species in the Chapman sandstone, as Clarke recognized 
ill the descriptive text of his "species." The more oblique shell figured as Myalina pterinseoidea 
may therefore be considered the variety, and the specific name may be applied to the charac- 
teristic form of the species. Myalina maureriana var. pterinseaides may possibly prove identical 
with the '' MytUus mytUimeris Conrad" cited by Salter from the English Ludlowian Silurian. 

Locality: Chapman sandstone, Presque Isle Stream (localities 1099A, 1099L) and 2^ miles 
west of Presque Isle Stream (locality 1099B'), Chapman Township, Aroostook County, Maine. 

U. S. National Museum, catalogue Nos. 59812, 59813, 59814. 

FamDy MODIOLOPSIDiE Fischer. 
Genus MODIOXOBPHA HaU. 

The genus Modiomorpha was founded by Hall ^ in December, 1869. It was described in 
1885 as follows:' 

Modiomorpha Hall. Type, Pterinea conctntrica Conrad. Shell eqiuvalve, very inequilateral, subovate in outline, 
largest posteriorly. Anterior end rounded, forming a projecting lobe of greater or less extent beyond the beak. The 
valves are crossed obliquely by a more or less distinctly defined cincture passing from the beak to the base, and con- 
stricting the basal margin. Beaks small, compressed. Surface of the shell inarked by rugose or undulating concentric 
striie. Hinge fumbhed with a strong wedge-form tooth in the left valve and a corresponding cavity in tho right. No 
lateral teeth have been observed. Ligament external, attached to the thickened margin of the shell, which is longi- 
tudinally grooved for its reception. Anterior muscular impression situated wijhin the anterior extension of the shell. 
Posterior impression large and superficial, situated on the posterior slope. Pallial line simple. Examples: M. con- 
centrica (PI. XXXVI, figs. 1-18), M. mytiUndes (PL XXXVIII, figs. 1-16). 

The genus was later revised and the internal structure more profusely elucidated by 
Beushausen," who has shown that only a few among the German Eo-Devonian species referable 
to Modiomorpha have the dentition described by Hall — that is, a single tooth in the left valve 
fitting in a socket in the right valve. According to Beushausen an additional socket for the 
reception of a tooth of the right valve is commonly found behind the tooth of the left valve; in 
a few species the structure is reversed, the tooth being in the right valve and the socket in the 
left. The dentition is therefore highly variable. The ligament is shown by Beushausen, and 
also by Ulrich, to be internal, not external. 

The agreement in superficial expression between Modiomorpha and the older genus Modio- 
lopsis is so remarkable that Ordovician species of Modiolopsis are practically indistinguishable 
externally from Devonian species of Modiomorpha. The Ordovician species referable to 
Modiolopsis s. str. are regarded as edentulous by Beushausen, Ulrich, and others, whereas 
Devonian sheDs of this type have been foimd to be conformablo with Modiomorpha Hall. 
Hence Modiolopsis is apparently unknown in the Devonian, and tho distinction commonly 
accepted is that the upper Paleozoic modiolopsoids are dentate (—Modiomorpha), whereas 
the lower Paleozoic shells of this type are edentulous and conformablo with Modiolopsis. 

Nevertheless modiolopsoid shells from the Ordovician occasionally show traces of Modio- 
morpha-like dentition.* In the Ordovician modiolopsoid shells of the middle Western States 
the tooth in the left valve described for Modiomorpha concentrica is mentioned by Ulrich as 
occasionally not entirely lacking, but *' rather it is but httle developed, since an obscure thick- 
ening of the hinge plate between the muscular impression and tho beak is noticeable in many 
species of Modiolopsis" from these Ordovician beds. In the Ordovician beds of France, also, 
among the normally edentulous modiolopsoids, an occasional species shows Modiomorpha-like 
dentition (Modiolopsis doUfussi *), and as low down as the Cambrian one of the earliest modio- 
lopsoids, M. ihecoides Matthew,* has a thin hinge platform and the appearance of a socket in 

1 HaUi James, Preliminary notice No. 2 of the fossil lamellibnmcbiate shells of the Upper Helderberg, Hamilton, Fortage, and Chemung groaps^ 
December, 1869; republished with 16 additional pages, January, 1870. 
J Hall, James, Paleontology of New York, vol. 5, pt. 1, p. xxiii, 1885, 

i Beukhausen, Louis, Die-Lamellibranchiaten des rheinischen Devon: K. preuss. geol. Landeeanstalt Abh., new ser., vol. 17, pp. 11-15, 1896. 
« Ulrich, E. O., 0«ology of Minnesota, vol. 3, pt. 2, p. 504, 1894. 
» Bigot, A., Note sur quelques pS^ypodes des grte siluriens de Touest de le Fnmce: Soc. gdol. France Bull., 3d ser., vol. 17, pp. 791-796, pi. 22, 

1889. 

• liattbew, Q. F., Preliminary notice of the Etcheminlan fauna of Newfoundland: New Brunswick Nat. Hist. Soc. Bull. 18 (vol. 4), p. 191, 

pi. 1, fig. 7, 1899. 
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the right valve. In the Silurian Guelph dolomite of Ontario, GoniopTiora crassa Whiteaves * 
is a modiolopsoid with a well-defined cardinal tooth or fold and is therefore referable to Modio- 
morpha. Hence it must be apparent that the dentate modiolopsoids (»Modiomorpha Hail) 
are by no means confined to the upper Paleozoic but also pass down into the lowest rocks and 
are coextensive with the supposedly edentulous modiolopsoids. This brings up the question, 
Are the latter really edentulous and distinguishable from Modiomorpha ? Complications arise 
from the fact that Hall, in his original description of Modiomorpha in 1869, stated that he 
thought he had observed in Modiolopais modiolarisj the genotype of Modiolopsis, a dentition 
similar to that occmring in the group now associated about Cyrtodonta-Cypricardites; so that 
Fischer, on page 990 of his ** Manuel,'' describes Modiolopsis as having one to fotu* cardinal 
teeth and one or two posterior laterals and distinguishes Modiomorpha from Modiolopsis by the 
absence of posterior laterals and the occurrence of only one wedge-shaped tooth in the left valve 
and a socket in the right. This supposed distinction between Modiolopsis and Modiomorpha is 
repeated by Nettelroth.* However, the great majority of authors describe the Ordovician shells 
referable to Modiolopsis as edentulous. Few species of such shells are reported in which the 
hinge line has been observed, and such as have a hinge line generally appear to be edentulous, 
never with the Cypricardites typ^ of dentition. Hence, if Modiolopsis modiolaris Hall is syn- 
onymous with Cypricardites Conrad, the name Modiolopsis will have to be confined to the first- 
mentioned species called Modiolopsis in the list cited by the author when describing the 
genus,' which are not Cypricardites, and these shells, it is believed, will be edentulous or nearly 
so (» Modiolopsis of authors). On the other hand, the consensus of opinion seems to be that 
when Hall in 1869 described the supposed dentition of Modiolopsis and M. modiolaris he had 
some other nonmodiolopsoid shell at hand. In either case the name Modiolopsis becomes 
available for edentulous modiolopsoid shells, which are the more common, at least in the lower 
Paleozoic. 

Most Ordovician modiolopsoid shells have little or no trace of teeth; in the upper Paleozoic, 
shells having the modiolopsoid shape are generally dentate and agree with Modiomorpha Hall, 
emend. Beushausen. Modiomorphoid (or dentate-modiolopsoid) shells, however, occur through- 
out the Paleozoic, apparently as far down as the Cambrian, but in the Ordovician such shells 
generaDy lack the broader hinge platform, and the dentition is less strongly developed than in 
Modiomorpha. Ulrich has pointed out the fact that the Ordovician modiolopsoids also have a 
narrow linear ligament, sometimes internal, sometimes external, whereas in true Modiomorpha 
the ligament is very much broader. Both Beushausen and Ulrich regard the ligament of 
Modiomorpha as being internal, a view opposed to that of Hall. Although there seem to be 
gradations between Modiomorpha and Modiolopsis, Modiomorpha may be regarded as having 
a stronger hinge than Modiolopsis, both as regards dentition and ligament; and the typical 
forms of Modiolopsis are edenttdous. 

The range of Modiomorpha is from Upper Ordovician ( ?) to Carboniferous. The great bulk 
of the upper Paleozoic shells of these types belong to Modiomorpha and those of the lower 
Paleozoic to Modiolopsis. Modiomorpha as currently interpreted is a dominant lamellibranch 
genus of the Devonian. 

Beushausen has shown that the predominant type of dentition in Modiomorpha includes 
two cardinal teeth in the left valve and one in the right. In number, position, strength, and 
general development the teeth are comparable with those of the genus Matheria Billings,^ which 
has 11 years' priority over Modiomorpha. Billings describes Matheria as follows: 

TranfiveTBe; equlvalve; inequilateral; beaksnear the anterior end; dorsal and ventral margins subparallel; two 
small obtuse cardinal teeth; two muscular impressions; ligament external. 

The only species described by Billings is M. tener, from the Trenton limestone of Blue Point, 
Lake St. Johns. Ulrich * records four or five species, all small and all from the American Trenton 
limestone (Ordovician) except Modiolopsis recta Hall, which is from the Niagara group (Silurian) . 

1 Whiteaves. J. F., Paleozoic fossils of Canada, vol. 3, pt. 1, p. 9, pi. 2, fig. 3, 1884. 

I Nettelroth, Henry, Kentucky fossil shells; a monograph of the fossil shells of the Silurian and Devonian rocks of Kentucky, p. 316, 1889. 

s Hall, James, Paleontology of New York, vol. 1, p. 157, 1847. 

« Billings, Elkanah, Canada Geol. Survey Kept. Progress for 1857, p. 188, ilg. 18, 1858. 

ft Ulrich, E. O., op. cit., p. 563. 
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Although Modiomorpha Hall was described as having an external ligament, Ulrich (1894) 
and Beushausen (1895) maintained that the ligament is really internal, and this character will 
serve to distinguish Modiomorpha from Matheria, in which the ligament is decidedly external in 
a fairly long open escutcheon behind the beaks.* Ulrich * also calls attention to the external 
ligament of Matheria, which is well illustrated in M. rugosa Ulrich. 

Whether the ligament is external or internal in Modiomorpha is therefore a matter of some 
little consequence. Ulrich ' says: 

Another feature is observed in Modiomorpha concentrica that may be of importance, namely, the hinge plates 
posterior to the beaks * * * extend inwardly and at the same time diverge, probably for the reception of a strong 
internal ligament, the removal of the thin plate leaving a sharp slit a little within the cardinal edge of casts of the 
interior. The value of the character is to be tested only by its persistence in other species referred to Modiomorpha. 

Beushausen ^ also calls attention to a long excavation on the inner margin of the hinge line, 
which might be mistaken for a long posterior lateral-tooth socket were it not for the fact that it 
occurs in both valves. Beushausen's figures of Modiomorpha elevaia Erantz * clearly indicate 
an internal ligament, the occurrence of which in Modiomorpha he strongly emphasizes. More- 
over, in the only uncrushed Modiomorpha known preserving the exterior of the cardinal line with 
both valves in conjunction {Modiomorpha submissa Barrois.') the dorsal edges of both valves 
meet and close the shell, so that the ligament must have been internal. Although the interior 
is unknown, the fossil has the exterior form of Modiomorpha or Modiolopsis. Examination of 
large numbers of ModiomorpTia concentrica, M. nuiciienta, M. mytiloides, and other New York 
Devonian species showed in none of them any positive evidence of an external ligament, but the 
material was not well enough preserved to warrant the assertion that the ligaments are internal. 
There is, therefore, evidence sufficient to suggest that the ligament of Modiomorpha is internal; 
but imfortunately for such an assimiption, Hall figures what seems to be an external escutcheon 
in Modiomorpha ma^cilenia ^ M. afiniSf^ M. mytiloidesj^ and M. concentrica}^ These specimens, 
however, are mostly internal molds, and it is not impossible to consider the supposed escutcheon 
as the impression, on the internal mold filling in the shell, of the convex base of an internal 
ligament; indeed, in view of Ulrich's and Beushausen's studies, such an explanation seems prob- 
able. If Modiomorpha really has an external ligament, as stated by Hall, then its dentition as 
elucidated by Beushausen shows that it is synonymous with the earlier genus Matheria Billings, 
which has two teeth in the left valve and one in the right. Modiomorpha Hall would possibly 
then be restricted in a subgeneric sense to the shells which have only one tooth in the left valve 
and apparently only a socket and no tooth in the right valve. But the studies just cited seem to 
indicate that Modiomorpha has a true internal hinge and is therefore distinct from Matheria. 

Two other genera in main characters hke Modiomorpha differ from Modiolopsis in the 
presence of strongly developed cardinal teeth. Curiously enough, both of these genera were 
foimded in the same year and were given the same name (Modiolodon) . The Modiolodon of 
Ulrich " includes some American Ordovician marine modiolopsoid shells having two or three 
strongly radial cardinal teeth in each valve. The Modiolodon of Netschayew" includes some 
Russian fresh-water ( ?) Permian modiolopsoid shells having two or three cardinal teeth in 
each valve, but differing from the American Ordovician shells in having the teeth horizontal 
instead of radial. Both genera differ from Modiomorpha in having more numerous cardinal 
teeth. 

1 Compare Billings, Elkanah, op. cit., fig. 18 A. 
« Ulrich, E. O., op. clt., pi. 36, fig. 30. 

* Idem, p. 504. 

* Beushausen, Louis, op. cit., pi. 1, fig. 11. 
*iaem, pi. 3, fig .lie. 

* Barrois, Charles, Faune du calcaire d'Erbray, Loire-Inf#ieure: Soc. gdol. Nord M^m., vol. 3, p. 176, pi. 12, figs. 2a, 2b, April, 1880. 
T Paleontology of New York, vol. 5, pt. 1, pi. 39, fig. 21, 1885. 

> Idem, pi. 37, fig. 14. 

' Idem, pi. 38, fig. 13. 

M Idem, pi. 36, fig. 13. 

11 Ulrich, E. O., The Lower Silurian Lamellibranchiata of Minnesota: Geology of Minnesota, vol. 3, pt. 2, p. 521, June 16, 18d4; New and little- 
known LamelUbranchiata from the Lower Silurian rocks of Ohio: Ohio Geol. Survey, vol. 7, pt. 2, p. 652, 1894 (subsequent to June 16, 1894; not 
1893, date of title-page). 

IS Netschayew, A., Die Fauna der permischen Ablagerungen des ostlichen Theils der Europ&ischen Russlan<is [in Russian]: Soc. Naturalists 
Imp. Univ. Kazan Works, vol. 27, pt. 4, pp. 239 et soq., 1894 (month of publication unknown; preface bears date March 1, 1894). It is interesting 
to note that several apparently edentulous modiolopsoid shells from the Permian are called Modiolopsis in this work. 
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MoDiOMORPHA cf . M. PROTEA Clarke. 

Plate XXI, figure 16; Plate XXVI, figure 14. 

cf. 1907. ModioTnorpfia protea. Clarke, New York State Mus. Bull. 107, p. 220, upper figure (not lower figure= 
if. aroostoohi sp, nov.). 
Lower Devonic [Chapman sandstone]: Edmunds Hill, Chapman Township, Aroostook County, Maine. 

A couple of fragments of a Modiomorpha found in loose blocks of the Chapman sandstone 
on Edmunds Hill indicate a depressed species of transversely rectangular form, with cardinal 
line long, nearly straight, and ascending very slightly, nearly parallel with the basal margin, 
which is almost straight. The posterior margin is retrorse. The shell is depressed, rather 
flat, and marked by a conspicuous umbonal ridge. The ornamentation is pronounced on the 
internal mold (? ** sculpture cast") where it consists of tenuistriate lines of growth occasionally 
strengthening into narrow concentric undulations. 

Ix)cality: Chapman sandstone, Edmunds Hill (locality 1099 C), Chapman Township, 
Aroostook County, Maine. 

U. S. National Museum, catalogue No. 59815. 

Modiomorpha aroostooei sp. nov. 

Plate XXI, figures 2-7. 10-13. 

1907. Modiomorpha protea (pars). Clarke, New York State Mus. Bull. 107, p. 220 (lower figure only). 

Lower Devonic: Presque Isle Stream, Chapman Plantation, Aroostook County, Maine, 
cf. 1907. Modiomorpha vulcanalia (pars). Clarke, idem, p. 219 (left figure only). 

Lower Devonic [Chapman sandstone]: Edmunds Hill, Chapman Plantation. Aroostook County, Maine. 

In one of the layers of the Chapman sandstone on Presque Isle Stream occurs in abimdance 
more or less crushed and macerated shells and internal molds of a large species of either Cypri- 
cardella or Modiomorpha. These shells or molds are usually found with both valves in con- 
junction, but in this condition, though abundant, they are too fractured, crushed, or otherwise 
imperfect for description. A well-preserved sculpture cast of a left valve from this layer of 
rock is taken as the type of the species M. aroostooJci. It is equivalved, inequilateral, closed. 
The length of the shell is If times the height; the maximum length is situated at the inferior 
third of the height and the maximum height is situated indefinitely posterior to the middle. 
The beaks, which are at the anterior fifth or sHghtly farther back, are directed forward ; they 
are depressed to the hinge line and do not protrude beyond it. The anterior end of the shell 
is well developed, and the forward extremity is nearly opposite the midheight of the shell. 
Just in front of the beaks the antero-dorsal margin is faintly concave. Ventrally the anterior 
margin swings backward in a shallow curve into the ventral margin. In the type specimen 
and in one or two other specimens there is a faint constriction or straightening of the ventral 
margin back of the middle; but in the majority of specimens the ventral margin is shghtly con- 
vex throughout, without trace of byssal insinuation or constriction. The ventral extremity of 
the shell is near the posterior end. The ventral margin in the postventral region recurves in 
a broad swing into the retrorse posterior mai^in. The posterior margin is convex throughout, 
vertical for nearly the lower half and swinging back in the upper half at an angle of 120° to 
135° to the hinge line. Hinge extremity subangular. The hinge line is gently arched and is 
equal in length to only three-fourths the height of the shell, or three-fifths the total length of 
the shell; it ascends slightly in its anterior half and descends a Uttle in its posterior half. 
Owing to the descending ventral margin the shell expands in height posteriorly. Specimens 
with both valves in conjimction are usually compressed and show a prominent postumbonal 
ridge, but the type specimen and some others show no umbonal ridge. The body of the shell 
is slightly inflated above the midheight and descends in a broadly arched siuf ace to the 
anterior margin and to the forward half of the ventral margin. The greatest depth of the 
shell is situated above the middle — at the midlength, two-fifths the height below the hinge — 
and is equal to a fourth the height in each valve in the uncompressed condition. The depth 
of the compressed specimens, with both valves in conjunction, is only about one-third the 
height. 
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Ligament internal. A narrow incision occurs on the internal mold just below the line 
extending from the beak toward the hinge extremity, and becomes obsolescent before reaching 
the hinge. At first sight this incision resembles the impression of a posterior lateral tooth or 
socket, but the structure occurs on the molds in both valves at the same height, and the two 
ridges do not meet, but slightly diverge. 

No posterior lateral teeth or cardinal teeth are visible. The muscular scars are both large 
and deeply impressed. The anterior scar has a height of 8 to 10 millimeters or nearly one- 
fourth the height of the shell. It is situated close to the anterior margin, much closer than 
to the beaks. A small deep retractor scar is usually observable in the concave space in front 
of the beak. The posterior scar has hardly twice the linear dimensions of the anterior scar. 
It is situated near the posterior margin and extends down to or slightly beyond the midheight 
of the shell. The pallial line is simple and moderately strong. It begins at the antero-ventral 
comer of the anterior scar and ends on the posterior margin of the posterior scar, leaving the 
greater portion of both muscular scars within the line. The pallial line is radially striate in 
its posterior portion. Shell substance very thick. 

The surface is covered with coarse concentric striae of growth, strongest posteriorly. 

A small specimen has a height of 29 millimeters and a length of 41.75 millimeters. The 
type specimen, a large individual, has a height of 40 millimeters and a length of 56 millimeters, 
which is only slightly larger than the usual size of the specimens. 

The distinguishing features of this fossil are its high form, with length equal to about 
If times the height; beaks well back, commonly at the interior fifth or farther back; well- 
developed anterior end; faint expression, or in fact, usual absence of ventral insinuation; 
retrorse posterior margin; hinge line less than height of the shell; large muscular scars; pos- 
terior scar barely twice the dimensions of the anterior and extending down to the midheight 
or lower; coarse concentric strise of growth. 

Locality: Chapman sandstone, Presque Isle Stream, at the end of Tweedy road Gocality 
1099 L), in a layer 150 feet below the top of the section at this point. Chapman Township, 
AroostQok County, Maine. 

U. S. National Museum, catalogue No. 59816. 

Comparisons. — The type specimens present some resemblance to the New York Hamilton 
shell Modiomorpha alia Hall,* from which^ however, they are easily distinguished. M. dUa has 
a much more fully developed ventral insinuation and a smaller anterior end. In general pro- 
portions, general character of the ventral margin, and relative size and position of the muscular 
scars, M. aroostooJci bears some resemblance to ModiomorpTva complanata Hall, from the Onon- 
daga (^'Comiferous'^) limestone of New York, but Hall's species is larger and has the 
umbones farther forward. 

Clarke' described under the name ModiomorpTia proiea two distinct species from the Chap- 
man sandstone. One form, illustrated in the upper figure, is a narrow, transversely elongate 
shell with long hinge line, apparently from the Edmunds Hill locahty. To this transversely 
elongate form I would restrict the name Modiamorpha protea Clarke. The second species is 
illustrated in Clarke's lower figure and is from Presque Isle Stream. In proportions, manner 
of preservation, and general aspect it agrees with M. aroostooJci, and it comes from the same 
locality. Clarke's specimen, as figured, shows the ventral margin ascending to the postventral 
extremity rather more strongly than is usual in this variable species. 

The convex ventral margin and the general shape of the shell suggest the genus Anodon- 
topsis, and the fossils may really be congeneric with Anodontopsis maccoyiana (see PI. XXIV, 
fig. 16), rather than with the genus Modiomorpha. Indeed, the solitary specimen (from locality 
1099 L) identified with Anodontopsis nuiccoyiana and showing the cardinal teeth may perhaps 
be a yoimg individual of ModiomorpTia aroostooTci. 

» Hall, James, Paleontology of New York, vol. 6, pt. 1, p. 278, pi. 37, figs. 1-2, 4-12, 15, 16, 1885. 
s Clarke, J. M., New York State Mus. Bull. 107, p. 220, 1907. 
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MoDiOMOBPHA sp. indet. 

A fragment of a Modiomorpha in the collections shows a rounded oval species, with anterior 
end oval, high, but very short; ventral margin convex throughout; shell expanding in height 
posteriorly; anterior muscular scar large; surface evenly rounded. The fragment represents 
a species about 35 millimeters in height, with a general resemblance in outline and appearance 
to the New York Onondaga (**Comiferous") limestone species Modiomorpha complanata Hall 
or Jf. Schoharie HaU,^ but it is too imperfect for closer determination and description. 

Modiomorpha (cf. Endodesma) chapmani sp. nov. 

Plate XX, figures 1-7. 

Shell large, closed, equivalve, very inequilateral, transversely extended, rectangular- 
trapezoidal. Greatest height one-third the length from the front; greatest length about one- 
third the length from the base. Length nearly twice the height, the dimensions varying from 
60:31 millimeters to 70:36.5 miUimeters. Beaks broadly depressed, directed forward, situated 
one-seventh to one-ninth the length from the anterior extremity. Cardinal line posterior to 
the beaks, very long, one-third to three-seven (hs greater than the height of the shell; slightly 
convex; rising shghtly from the beak to the point of maximimi height, thence gently declining 
to the posterior margin so that the posterior extremity is only about one-ninth or one-tenth 
the height below the umbo. Cardinal extremity angular, obtuse. Posterior margin retrorse, 
straight, or slightly convex from the cardinal extremity to the point of maximum length, 
including a distance equal to .about half the length of the cardinal line; postero-basal region 
rounded angular, the upper portion and the lower or postbasal margin forming an obtuse 
angle of about 120^; the upper side of the posterior margin is about twice as long as the lower. 
The lower side curves off rather abruptly into the basal margin, which is broadly though very 
slightly insinuated, almost straight for a distance equal to about the length of the cardinal line, 
to which it is parallel, thence rising forward in a broad curve to the anterior extremity, which 
is evenly roimded, though the upper portion has a shorter radius of curvature than the lower. 
The most forward part of the shell is at the midheight. The anterior portion is separated 
from the umbones by a short concave lunule. Isolated single valves have a depth equal to 
two-sevenths the length. The point of greatest convexity in well-preserved specimens is 
posterior to the middle on the rounded postumbonal ridge, about one-fourth the height of the 
shell below the cardinal line, occasionally near the midheight. The umbones are broad, convex, 
and depressed upward and forward; the beaks are incurved. There is no clearly defined post- 
umbonal angulation, this portion of the surface as far as the posterior basal margin being broadly 
rounded. The central area of the shell is broadly insinuated, very slightly concave or flat to a 
point just below the beaks, where the surface descends into the anterior portion. 

The surface is covered with faint concentric lines of growth, occasionally aggregated into 
imdulating concentric ridges or folds. These folds are best developed on the anterior portion, 
particularly just under the lunule. There are no traces of radial Unes. Neither muscular nor 
pallia! scars have been observed in any of the specimens, which are nearly all internal sculpture 
casts or internal molds. 

The average shell is about 61 millimeters long, and each valve is between 8 and 9 millimeters 
deep. The largest specimen figured is 36.5 millimeters high and 71 millimeters long. 

The present forms are remarkable among the modiomorphoid shells, for the cardinal line 
which, instead of rising posteriorly as is common, is almost parallel to the basal margin or 
slightly reclining posteriorly. Other characteristic features are the obtusely angular (not 
broadly rounded) cardinal extremity; the retrorse, nearly straight upper posterior margin; 
the transversely elongate outline, with length twice the height; the extreme anterior point 
at about the midheight; the broad insinuation; the absence of muscular scars; and the orna- 
mentation obsolescent over the general surface but aggregated into concentric folds imder the 
well-developed lunule. 

1 Hall, James, Paleaatology of New York, vol. 5, pt. 1, pi. 34, figs. 13, 14. 1885. 
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In the specimens from the locality west of Edmimds Hill the postnmbonal slope to the 
cardinal line is slightly steeper than it is in those from Edmunds Hill. Consequently the point 
of greatest depth of the valve is about one-fourth the height below the cardinal line in the spec- 
imens from the locality west of Edmimds Hill, whereas in those from Edmunds Hill the point of 
maximum convexity or depth of the valve is generally nearer the midheight. 

LocaUty : Chapman sandstone, common at Edmunds Hill and west of Edmimds Hill, Chap- 
man Township, Aroostook County, Maine. 

U. S. National Museum, catalogue Nos. 69817, 59818. 

Comparisons. — The species more or less closely resembles the common early Mississippian 
Modiomorpha hyalea Hall ^ in its transversely elongated outline, with length barely less than 
twice the height the ''parallel" cardinal and basal margins, with the cardinal margin shghtly 
reclining, the absence of scars, and in the surface ornamentation. In the Maine forms, however, 
the beaks are much more anterior (only one-eighth the length) from the anterior margin, com- 
pared with one-third the length in if. hyalea, and the cardinal line is therefore proportionately 
much longer. The extreme anterior point is at or above the midheight in the Maine specimens; 
in Jf. Jiyaiea it is below the midheight. The two forms are specifically distinct, though closely 
associated in the same generic or subgeneric group, which differs from the normal Modiomorpha 
in having a transversely elongated outline with cardinal and basal margins very nearly parallel, 
and in having the cardinal line slightly reclining. 

One of the nearest aUies to ModiomorpTia (fEndodesma) cTuipmani is Salter's MytUus 
plaiyphyUus var. ^,' from the Tilestones of South Wales, which, however,, has a more pro- 
nounced hgamental groove, an ascending, not reclining cardinal line, and the anterior end 
lower dorsoventrally than in the Maine form. 

The Ordovician genus Endodesma was founded by Ulrich * for modiolopsoid or modiomor- 
phoid shells without muscular or pallial scars; with the length twice the height or more, and 
with the cardinal line not ascending, but, instead, parallel with the basal margin or very slightly 
reclining, and with a wide sinus. There is no escutcheon,* the ligament is internal, and, in the 
type species {E. cuneaium Ulrich), a long internal posterior septum or ridge is developed under 
the cardinal line — presumably for the attachment of the ligament, though in the other species, 
except possibly in E. undosum Uhich,* no such ligamental septum is apparent. This group of 
species, including Endodesma compressum Ulrich," Endodesma orihonotum (Meek and Worthen),^ 
and Endodesma gesneri (Billings)* forms a series of Ordovician shells to which the Maine species 
under discussion bears close resemblance. In the same group may also be included the Silu- 
rian *^ Modiolopsis" antiqua Barrande (pars), noted below. In all there is the same pecuhar 
expression caused by the broad umbones, with the beaks only about one-eighth the length from 
the front; the maximum height about one-third the length from the front; the cardinal line 
slightly convex, almost straight, and parallel with the basal margin, or very slightly declining, 
but never appreciably ascending; the angular or subangular cardinal extremity and retrorse, 
slightly convex, or nearly straight upper posterior margin; the broad, oblique, shallow, unde- 
fined ventral insinuation; the distinct but broadly rounded, not carinated umbonal ridge, with 
the point of maximum depth situated on it above the midheight; the short anterior lunule and 
absence of conspicuous posterior ligamental groove; the absence of muscular scars; and similar 
obsolescent concentric ornamentation. With this group of shells the species at hand appears to 
be congeneric, and for that reason the generic name Endodesma has been used, though cogni- 
zance has been taken of the fact that the internal ligamental septum occurring in the original 

» Hall, James, Paleontology of New York, vol. 5, pt. 1, p. 292, pi. 41, figs. 2S-30, 1885. 
« Salter, J. W., Oeol. Survey Great Britain Mem., vol. 2, pt. 1, p. 364, pi. 20, fig. 14 (cet. excl.7), 1848. 

> Ulrich, £. O., The Lower Silurian Lamellibranchiata of Minnesota: Geology of Minnesota, vol. 3, pt. 2, p. 525, pis. 36, 37 (in part), June 16^ 
1894. 

* Endodesma potUatum Ulrich (idem, p. 527, pi. 37, figs. 5, G), from the upix^r Galena (Ordovician) of Dubuque, Iowa, probably does not belong 
to Endodesma, for not oa\v is the cardinal lino ascending, but, in addition, an escutcheon-like groove is developed for the ligament; the species is 
much shorter than all the other Endodesmas. 

» Idem, pi. 36, fig. 38. 

* Idem, pi. 36, ilgs. 3&-37. 
7 Idem, pi. 37, figs. 1, 2. 

* Idem, pi. 37, figs. 3, 4. 



MOLLUSCA. 223 

type species of Endodesma has not been observed in the present species nor, indeed, in mostof 
the Ordovician Endodesmas. 

Mordiomorpha {Endodesma?) chapmani is easily distinguished, superficially, from this group 
of Endodesmas by being proportionately shorter; the length is barely twice the height, whereas 
in the Ordovician species it is more than twice and as much as three times the height. 

In the upper Silurian of Arisaig occurs a group of three species similar to the Ordovician 
Endodesmas named, but having a few irregular radial strise in addition to the concentric ihark- 
ing. These Arisaig species are Orihonota incerta, 0. simvlans, and possibly also 0. speciosaj all 
described by Billings.* 

Among the other fossils which may in some respects be regarded as similar to ModiomorpTia 
(Endodesma?) chapmani may be mentioned the Eo-Devonian Megalodon curvatus of EJrantz 
(pars),' from the Siegen graywacke of Menzenbei^, in which, however, the umbones are much 
higher and more inflated, the cardinal line declines more rapidly, and the umbonal ridge is less 
broadly rounded than in the Maine species. 

The Sanguinolites sp. of Reed,' from the Bokkeveld sandstone of Ceres, Cape Colony, is 
also similar, but its cardinal line is slightly concave instead of slightly convex, the surface is 
less insinuated, the umbones are more tumid, and the anterior extremity is much smaller than 
in the Maine species. 

Finally may be mentioned Modiolopsis antiqua Barrande,* ranging from the Silurian '(6tage 
E') to the Konieprussian Eo-Devonian (fitijge F'), some forms of which, particularly those shown 
in Barrande's figures 9 and 10 from the Silurian 6tage E', are with difllculty distinguishable 
from ModiomorpTia (Endodesma?) chapmani. Barrande's species, however, is, Uke the Ordo- 
vician Endodesmas previously discussed, more elongated than the Maine species and the um- 
bones are also slightly more anterior. The Bohemian specimens just mentioned are apparently 
congeneric with the Ordovician group of Endodesma discussed in the preceding pages, and, 
together with Billings's Arisaig shells, indicate the continuance of the genus Endodesma to 
and apparently through the Silurian. If the Maine form is, as seems apparent, to be regarded 
as congeneric with the Ordovician group of Ulrich's species of Endodesma referred to, the Silu- 
rian species may serve as a connecting link in the stratigraphic interval between the Ordovician 
and the Chapman sandstone. 

OenuB GONIOPHOBA Phmips. 

The generic name Goniophora was proposed by PhilUps ' in 1848 for the Silurian Cypri- 
cardia cymhseformis Sowerby. In the midst of some broad generalizations on the systematic 
position of the lower Paleozoic lamellibranchs, with special reference to Conrad's Orthonota 
and the lower Paleozoic Cypricardias, regarded as nearly allied to Mytilus and Modiola, Phillips 
stated: 

If, afl I suppose, Cypricardia cymbaeformis be distinct, generically, and include species of the Mountain limestone, 
the name Croniophora seems suitable. It is, however, doubtless a mytiloid shell. 

The genus Goniophora was thus founded without any indication w^hatever of any diag- 
nostic characters, nor was the type precisely indicated. The two or more forms called Cypri- 
cardia cymhseformis by Sowerby and authors (one form from the ''Lower Old Red^' at Felindre, 
the second from the Upper Ludlow at Ludlow) are apparently not cospecific; indeed, they are 
not known to be strictly congeneric. Phillips • himself gave the name Goniophora cymbaeformis 
to shells of this general type, ranging from the Wenlock shales through the Tilestones, and one 
might easily infer that the types of Phillips's Goniophora were Carboniferous (Mountain lime- 
stone) shells Hke Goniophora rTiombea, rather than Cypricardia cymhseformis. 

Considering the meager description of the genus, the indefiniteness of the types, and the 
obscure position of its pubhcation in the midst of a paragraph of generalizations on other fossils, 

I BllUngs, Elkanah, Paleosoic fossils of Caxiada, vol. 2, pt. 1, pp. 130-131, pi. 8, figs. 2, 4, 3, respectively, 1874. 
> Natarti. Ver. preass. RheinlSnde Verb., vol. 14, p. 161, pi. 11, fig. 4a (not fig. 4b), 1857. 
» South African Mus. Annals, vol. 4, pt. 6, p. 254, pi. 31, fig. 4, 1904. 

« Barmnde, Joachim, Byst6me sflorlen du centre de la BohAme, pt. 1, vol. G, pi. 260, box IV, figs. 2-11, 1881. 

» Phillips, John, The Malvern Hills compared with the Paleotoic districts of Abberley: Geol. Survey Great Britain Mem., vol. 2, pt. 1, p. 264, 
1848. 

• Idem, p. 267. 
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it is no wonder that the genus Goniophora was at first entirely overlooked. Curiously enough, 
McCoy ^ discusses to some length the genera Orthonota Conrad, Cypricardites, etc., and the 
same fossils which first attracted the attention of FhiUips, but does not mention Goniophora. 
McCoy unites these fossils under one generic name — ^his Orthonotus, altered from Conrad's 
Orthonota — and gives a short generic description. The first species described imder the genus — 
therefore strictly the genotype — is Sowerby's Cypricardia cymbsrformis. There is no recog- 
nition nor mention of Phillips's name Goniophora, founded four years before, although McCoy 
frequently refers to PhiUips's work on the Malvern HiUs. However, it seems that the term 
Orthonotus has no greater claim than Goniophora to be apphed to Cypricardia cymbsrformisy 
for the reason that Orthonotus was apphed by McCoy to three different shells (Orffumotus 
cym&a2/brmi« = Goniophora; Orthonotus ?wwi^ = Modiolopsis; Orthonotvs semisvlcaius ^ 'iGraxa-- 
mysoidea) representing three widely separated genera; that he gave no expUcit designation of the 
genotype; and, finally, that the generic description of Orthonotus given by McCoy was so gen- 
eral as to be in itself of small value. The priority of four years possessed by Goniophora Phillips, 
1848, over Orthonotus McCoy, 1852, must therefore be considered sufficient cause for the reten- 
tion of the former name in preference to the latter, imless, indeed, it can be shown that the shells 
called Orthonotus cymhaeformis by McCoy are not congeneric with those designated Goniophora 
qfmbarformis by PhiUips. This has not yet been shown, so that we must, at least for the present, 
regard Orthonotus McCoy, 1852, as a strict synonym of Goniophora Phillips, 1848. 

The term Goniophora was recognized in 1854 by Salter,^ who mentions Goniophora cymbsBr 
formis as being one of the dominant members of the Upper Ludlow faima, but he gave no 
description of the genus, nor of any of the internal or diagnostic characters of the tjrpe species. 

The Sandbergers, when they wrote their classic work on the fossils of the Rhenish series 
in Nassau,' seem, Uke McCoy, to have been utterly imaware of the existence of the genus Gonio- 
phora, for they described their now well-known Goniophora acuta (not Hall, 1870) as a Cypri- 
cardia, without in any way mentioning the name Goniophora. 

In 1864 Honeyman * mentioned but did not describe a fossil, called Goniophora cymbm- 
formis, from the upper Arisaig beds of Nova Scotia. 

As pointed out by Barrande, Chenu does not mention Groniophora in his ''Manuel,'' and 
Hall,' in 1870, seems not to have recognized the term, for he described under the generic name 
Sanguinohtes a large nimiber of species which he later referred to Goniophora. 

In 1874,* for the first time, the generic name Goniophora was used for species other than 
G, cymbdeformis. The Arisaig shell called Goniophora cymbxformis by Honeyman was described 
as G. consimUis by BiUings, who also described as new the species Goniophora transiens^ G. 
heUvla, and G, mediocris, from the upper Arisaig Gate Silurian), as well as G. mediocris^ from 
the Gaspe limestone No. 8 at Gaspe, Quebec, the name G, mediocris being unintentionally 
apphed to two different species. AU these forms have the angular umbonal ridge commonly 
regarded as characteristic of Goniophora. Billings did not give any description of the genus, 
nor did he indicate any important internal or other diagnostic generic characters; in fact he 
was not quite sure of the correctness of his usage of the term Gpniophora, for he said: ' 

The genera Orthonota (Conrad), 1841, Sanguinolites (McCoy), 1844, and Goniophora (Phillips), 1848, seem to be 
all closely related to each other. The following references to these genera are, therefore, to be regarded as merely 
provisional. 

He then described and referred five species to Orthonota, two to Modiolopsis, and four to 
Goniophora. Billings's contribution is important afe being the first general adoption of the 
now well-known term Goniophora, and also because he used the term not only for the short, 

1 Sedgwick, Adam, and McCoy, Frederick, British paleozoic rocks and fossils, 1852-1855. 
> Morcbiaon, R. I., Slluria, Ist ed., p. 135, pi. 23, 1854. 

• Sandbeiger, Ouldo and Fridolin, Versteinerungen des rhelnlschen Schichtensystems in Nassau, 1850-1856. 

« Honeyman, D., On the geology of Arisaig, Nova Scotia: Geol. Soc. London Quart. Jour., vol. 20, p. 344, 1864. 

• Hall, James, Preliminary notice of the fossil lamelllbranchiate shells of the Upper Helderberg, Hamilton, and Chemung groups, pt. 2, pp. 
35-43, Januaxy, 1870. 

• Billings, Elkanah, On some of the fossils of the Arisaig series of rocks, Upper Silurian, Nova Scotia: Paleosolc fossils of Canada, vol. 2, pt 1, 
pp. 134-137, pis. 8, 9, 1S74. 

7 Idem, p. 50, fig. 21. 

• Idem, p. 129. 
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square or trigonal, highly inflated shells of the type of the original G. cymhxformis and of G. 
consimUiSj etc., but also for those much flatter and transversely elongate forms represented by 
G. transiens Billings, G. hamilUmensis (Hall), G, chemungensis (Vanuxem), and G. carinata 
(Conrad). To Billings is due the credit for the general acceptance and prevalent usage of the 
term Goniophora. 

In 1875 Woodward recognized the genus in his "Manual of conchology." Two years 
later Goniophora was accepted by Miller,* who used the term for Hall's Devonian Sanguinolites 
acuta and S, hamilUmensis y Conrad's Cypricardites rugosa, and all of Billings's Groniophoras. 
Miller's usage of Goniophora was repeated in 1878 by Bigsby.' 

At about the same time Hall prepared his classic work on the Devonian lameUibranchs,' 
which did not appear in public imtil 1883. In September, 1878, at the Paris meeting of the 
Congrfes gfiologique Hall showed to Barrande the plates ^d presumably the manuscript of this 
volume, so that in 1881, when Barrande issued his work on the lamellibranchs,^ he felt himself 
constrained out of courtesy to Hall to refrain from giving a description of the genus Goniophora. 

Barrande named and figured seventeen species of what he regarded as Goniophora — three 
species {Goniophora retrorsa Barrande, G. scalena Barrande, and G. zephyrina Barrande) from 
6tage E*, one species (G. phrygia Barrande) common to stages E* and E', eleven species con- 
fined to 6tage E', none in 6tage F*, and two species in the Hercynian or 6tage F*. Most of these 
species are not really Goniophoras. G. retrorsay from Stage E*; (?. phrygia, from Stages E* and 
E*; and 0, imperfecta^ G. reluctans, G. soror, and G. testis, from Stage E*, are radially ribbed 
schizodiform shells which belong apparently in Barrande's genera Matercula (Maminka) and 
Amita (Tetinka). G, scdlena, from Stage ES is comparable with forms of the Lower Devo- 
nian Kochia Freeh ( = Onychia Sandberger) and resembles externally Ulrich's genera Pletho- 
cardia and Whitella,' as does also G. minax, from Stage E'. Of the seventeen species named 
and figured by Barrande, only five can with any degree of certainty be referred to Groniophora. 
These are G. hinotata, G. media, G. pugio, and G, vara, all four from Stage E' (equivalent of 
Aymestry and Guelph), and G. secans (under which several distinct species are apparently 
aggregated), from the Konieprus Stage F* (Hercynian). 

In 1883 appeared the advance or preliminary issue of Hall's work, dealing with the De- 
vonian (Onondaga to Chemung) lamellibranchs of New York,' and in 1885 the work was com- 
pleted by a descriptive text and published in its final form. In this work, more than 35 years 
after the genus Goniophora was founded, appears the first description of the genus. 

The main f eatiures of Goniophora, as described by Hall, are the strong angular ridge extend- 
ing from the beak to the postinferior margin; truncate posterior extremity; long, straight hinge 
Une; rhomboidal or trapezoidal outline; broad undefined sinus over the central or anterior part 
of the shell constricting the basal margin; and the concentric ornamentation, with, in a few 
species, radial hues between the sinus and umbonal ridge. With regard to the hinge and mus- 
cular structures, it should be emphasized that Hall's description of the genus was drawn up 
from American material, chiefly his Goniophora glauca of the Hamilton, and not from G. 
cymbseformis (Sowerby), the Silurian type of the genus Goniophora. According to Hall," theie 
are no lateral teeth, and only a short obUque cardinal fold or tooth in the left valve and a corre- 
sponding depression or socket in the right valve. The hgament is external, strong, and inclosed 
in a well-developed escutcheon; anteriorly there is a deep lunule and well-developed lunette. 
The anterior muscular scar is feebly impressed, fairly large, and surmounted by a small retrac- 
tile scar; the posterior scar is hardly ever discernible, but is larger and is situated on the postum- 
bonal slope. 

Hall described a large number of species of Goniophora from the *'Corniferous," Hamilton, 
Portage (Ithaca shale member), and Chemimg, and his beautiful figures have helped to make 
the genus well known. 



i MOler, S. A., The American Paleozoic fossils, p. 192, Cfnciiinati, Ohio, 1877. 
*Digsby, J. J., Thesauroa devonico-oarboniferus, 1878. 

* Hall, James, Paleontology of New York, vol. 6, pt. 1. 

* Barrande, Toochlm, Systdme sflurien da centre de la BohAme, pt. 1, vol. 6. 



* Ulrieh, E. 0., Geology of Minnesota, vol. 3, pt. 2, pp. 
564, 575, 1894. 
< Hall, James, op. cit.. pi. 46, figs 13, 14. 
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Though this genus is commonly regarded as having no posterior lateral teeth, as exempli- 
fied in some of the more elongated and flatter Devonian shells referred to Goniophora {G, glav^a, 
etc.), the original type, as represented by G. cyrnbseformis (Sowerby), from the Tilestones of 
FeUndre,^ has posterior laterals, to judge from the figure cited. Traces of a posterior lateral 
are also apparently indicated in Goniophora peranguUita Hall ' and in the flatter G. applarutia 
Beushausen.' At first sight it would hardly seem credible that the small, short, highly inflated 
shell of the Silurian cymharformis type, apparently showing one or two long, well-developed 
posterior laterals, should be congeneric with the more depressed, transversely elongated type 
represented by Goniophora glauca Hall, G, hamiUonensis (Vanuxem), and G. bipartita (F. Roemer), 
having no posterior laterals. Not only does Sowerby's figure of the Tilestone Goniophora cym- 
hssformis seem to indicate the existence of posterior laterals, but McCoy,* in his description of 
Sowerby's species, says that the hinge line is "sUghtly elevated (the margins simple and erect 
[meaning, presumably, without escutcheon], with a moderately slender lateral tooth extending 
a httle below it)." On the preceding page, under the description of the genus Orthonotus, 
McCoy states that there is an internal cartilage plate running beneath the long hinge line, and 
a few lines below he again emphasizes this point in stating that these shells ''must not be con- 
founded with * * * Granmiysia (Vem.) and Sanguinolites (McCoy), in which the dorsal 
margins are inflected at right angles" — that is, producing a strong escutcheon. "They are, in 
fact, a sort of elongate Edmondia," continues McCoy. Edmondia has an internal ligamental 
septum, as in Mytilus. Thus it would appear that Goniophora (Orthonotus McCoy) cywhatformis 
(Sowerby) seems to have posterior laterals and an internal ligament, but no escutcheon. The 
real type of Goniophora may, therefore, be a very different shell from that indicated by the 
prevalent interpretation of the genus. It is, in fact, quite possible that Goniophora, based on 
Sowerby's Cypricardia cymbseformisy is more closely identifiable with Mecynodus of authors 
than with Goniophora of authors. Unfortunately these English Silurian lamellibranchs have 
been wholly neglected since the pioneer days of Murchison, Sowerby, and McCoy, so that hardly 
anything is known of the real structure of the fossils. The absence of Enghsh specimens at the 
present writing makes it impossible to shed any further light on the matter. 

Therefore, although I suspect that the real types of Goniophora cymbseformis may be shells 
having apparently two long posterior laterals in the right valve (as figured by Sowerby), and 
one in the left (?) valve (as stated by McCoy), and thus being, so far as known, congeneric with 
the shells included imder the genus Mecynodon Keferstein (written Mecynodus by Beushausen), 
still, in the absence of more definite knowledge, I am conforming with the prevalent conception 
of Goniophora and regarding it as edentulous except for the short diagonal cardinal in the left 
valve and the corresponding socket, with sometimes a small anterior cardinal, in the right valve. 
If there is an internal rather than external ligament in G. cymbxformis, as stated by McCoy, 
then G. cymbxformis must be quite distinct from both Mecynodon and Goniophora of authors. 

Finally, it may be stated that the apparent existence of lateral teeth in some forms of 
Goniophora seems to have been noted by Beushausen,^ who, in his description of this feature 
in Goniophora, says: '' Lateral teeth absent. Toward the interior of the shell the hinge line is 
set off with a septum of which the impression on the internal mold is represented by a furrow. 
The ligament is external in a long groove behind the beak.'' Beushausen's mention of a "fur- 
row'* has very much the appearance of an attempt to explain Sowerby's figure in conformity 
with the common conception of Goniophora. Moreover, Beushausen's Goniophora applanata ' 
is apparently the only form indicated by him which shows this furrow below the hinge line, and 
this form is not known to possess an external hgament. The Goniophora perangulata of Hall, 
previously indicated as showing a similar furrow, has, however, a strong escutcheon and lunette, 
which places the species in Mecynodon. 

1 Murchison, R. L., The Silurian system, pt. 2, pi. 3, fig. 10a, 1839. 

> Hall, James, Paleontology of New York, vol. 5, pt. 1, pi. 34, fig. 1, 1885. 

* Beushausen, Louis, Die Lamellibranchiaten des rheinischen Devon: K. preuss. geol. Landesanstalt Abh., new ser., vol. 17, pi. 17, figs. 18-20, 
1895. 

4 Sedgwick, Adam, and McCoy, Frederick, British Paleozoic rocks and fossils, p. 275, 1852. McCoy's material was from the Tilestones of Hcnb 
Chapel, Llandovery, South Wales; and from the Upper Ludlow of Burton and Brockton, near Wenlock. 

> Beushausen, Louis, op. cit., p. 196. 
•Idem, pi. 17, figs. 18, 18a. 
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Drevennann ^ describes several forms of Goniophora and gives some interesting notes on 
the genus. Drevennann states among other things that a long posterior septal ridge or tooth 
(posterior lateral) is present in "some species" of Goniophora in the left valve. 

Whidborne' mentions a long posterior lateral tooth in his Devonian Goniophora ohliqua from 
Woolborough, but the species is apparently not a Goniophora. 

I shall therefore follow, temporarily at least, those authors, including Hall, Neumayr, 
Beushausen, and Drevermann, who regard Goniophora as being without posterior lateral teeth 
and as having presumably an external Hgament. The two or three species of Goniophora present 
in the Chapman fauna are unfortunately too poorly preserved in these respects to shed any 
additional Ught on the subject. 

Among the shells most likely to be confused with Goniophora are those belonging to the 
genus Mecjmodon Keferstein.' The following is a translation from the German of the original 
diagnosis of Mecynodon : 

Shell longish, thin [really rather thick, as pointed out by Beiifihausen and as may readily be seen from the 
figures of the species], concentrically striated or smooth, divided by a blunt or sharp diagonal keel into a front and 
posterior portion. Hinge without hinge plate; in each valve, almost parallel with the hinder margin, there is a long, 
high cardinal tooth, and in the right valve a deeper groove behind it; in the left valve, where the tooth is along the 
the cardinal margin, there is a groove in front of it. A long lateral tooth on the posterior portion of each valve; that of 
the right inclosing that of the left. Anterior muscular impression almost on the hinge line, deeply impressed, 
especially the posterior portion; just behind it is the deep Imprint of a small pedal muscle. Posterior muscular scar 
somewhere near the middle of the posterior margin. Pallial impressioa simple. Ligament external, short. 

The genus is foimded on species of Megalodus of Goldfuss which have already been differentiated into several 
groups by Von Gnienewaldt* at the instigation of Beyrich. The genus Mecynodon embraces the second and third 
groups of Von Gruenewaldt. 

Keferstein then describes Mecynodon carinaius (which must be taken as the genotype 
of Mecynodon), M. oblongus, and M. auriculatus — aU three species from the Eifelian limestone 
at Paffrath, described originally by Goldfuss imder Megalodus. 

Keferstein describes the genus as having only one posterior lateral in each valve. As a 
matter of fact there are two in the right valve inclosing the single posterior lateral of the left. 
Beushausen* describes the genus and the type species M, carinaius Goldfuss as having two 
cardmals in each valve. This does not appear in the illustrations of the hinge structiu:e of the 
fossils, except that the small narrow depression in the right valve in front of the anterior tooth 
and between this tooth and the anterior muscular scar may be occupied by a small narrow tooth 
or ridge situated in the left valve between the anterior large socket and the muscular scar.* 

Megalodon oblongua Goldfuss can not belong to Mecynodon, for it has two, posterior laterals 
in the left valve, apparently three cardinals in the left valve and two in the right, and a sur- 
face expression entirely different from that of Mecynodon. This species appears to be a Pleu- 
rophorus. The group of M. auriculatus also should probably be separated from Mecynodon 
on account of the distinctive superficial expression. 

The shells belonging to Mecynodon are rhomboidal in outline, with a typical goniophoroid 
umbonal ridge in the type species. They have concentric markings and a general expression 
almost indistinguishable from several of the modifications of typical Goniophora, and the mus- 
cular markings and cardinal dentition are the same in each genus. Goniophora and Mecyno- 
don are apparently distinguishable only on hinge features. Mecynodon differs in having two 
well-developed long posterior laterals in the right valve, inclosing the one of the left valve. 

Posterior laterals are, as has been indicated, supposed to be absent in Goniophora, but 
the typical figure of the typical G, cymbxformis '' appears to show two posterior laterals in the 

1 Drevennann, F., Die Fauna der Untercoblenzschichten von Oberstadtfeld bei Daun in der Eilel: Palaeontograpbica, vol. 49, pp. 88 et seq., 
1902. 

s Manograph of the Devonian f^una of the sooth of England, vol. 2, pt. 1, p. 17, pi. 3, tg. 1, 1892. 

s Keferstein, Christian, Ueber einige deutsche devonjscbe Conchifeien aus der VerwandBchaft der Trigoniaceen und Carditaoeen: Deutsch. 
geol. Qesell. Zeitschr., vol. 9, p. 158, 1857. 

* Deatsch. geol. GeseU. Zeitschr., vol. 3, p. 252, 1851. 

* Beushausen, Louis, op. cit., pp. 188, 192-193. 

* Idem, pi. 16, figs. 17, 18 ( M. carinahts); compare also the anterior cardinals in JSf. oblonffut Goldfuss, shown in Beushausen's pi. 16, figs. 25, 26. 
' Murchison. R. I., The Silurian system, pt. 2, pi. 3, fig. 10a, 1839. 
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right valve inclosing ono in the loft, as in Mecynodou. In G. q/mbxformis, according to McCoy, 
the ligament is internal and the cardinal margin not inflected. These two distinctions, if they 
really exist, will separate typical Goniophora from Mecynodon. The Devonian shells commonly 
passing under the name Goniophora are generally without posterior laterals and are distin- 
guishable in this respect from Mecynodon; but have apparently an escutcheon or a strongly 
inflected cardinal margin or both. (See G. hamUtonensis Hall,* G, acuta Hall (not Sandberger),' 
G. rugosa Hall,* G. modiornorpJioides Grabau,* and G. secans Barrande * (only a short but broad 
escutcheon, beyond which the margin is not inflected). In Mecynodon there is a well-developed 
though short escutcheon for the ligament, which is external, and the cardinal margin is usually 
inflected. There is also a very well developed lunule and lunette. 

In the American faunas Goniophora perangulaia Hall,' from the **Corniferous" limestone, 
seems to be a Mecynodon. In Europe Mecynodon occurs in the Middle Devonian of the Eifel 
and in England. 

The more depressed-convex, transversely elongated species of Goniophora resemble Modio- 
morpha in the muscular markings, cardinal detention, general outline, concentric ornamen- 
tation, and ventral insinuation and in the absence of posterior laterals, but Goniophora is 
easily distinguished by the presence of the angular umbonal ridge or keel and the usual change 
in ornamentation posterior to it. In the absence of the angular umbonal ridge and in the 
presence or absence of posterior laterals the group of Mecynodon auriculatus Goldfuss, M. con- 
centricus Archiac and De Verneuil, etc., bears the same relation to Modiomorpha that the 
typical Mecynodon (group of M. carinaius Goldfuss) bears to Goniophora of authors. In the 
first pair the umbonal ridge is absent and the outline similar. In the second pair the angular 
ridge is present and the common outline is distinct from that of the first pair. The first member 
in each pair has posterior laterals; the second has not. 

The f eatiures above mentioned also distinguish these Goniophoras from Cypricardella, which 
lacks both the angular umbonal ridge and the ventral insinuation of Goniophora. In Cypri- 
cardella the anterior muscular scar is much farther removed from the cardinal teeth than in 
Goniophora and Mecynodon, and there is generally no discernible pedal muscular scar. Cypri- 
cardella usually has the imibonal ridge fairly well developed, though not nearly so well as in 
Goniophora. 

In the European Triassic occur some small corbuliform shells (NucuJa gregaria MQnster,' = 
Corbula gregaria Schauroth;' Astartopsis (Myophoriopis) ricJithofeni Stur)* of rhomboid out- 
line and highly inflated convexity, having a strong angular umbonal ridge; they are truncate 
and more or less finely striated posteriorly. These little shells are with difficulty distinguish- 
able superficially from certain small Devonian Goniophoras such as G. (ex. Cypricardiat) 
acuta Sandberger *** (not Hall) and G, (ex. hocardia) cxlata Sandberger," from the Rhenish 
Middle and Lower Devonian, and G. minor Hall," an Upper Devonian fossil from the Ithaca 
shale member of the Portage formation ; but they differ in internal structure. 

Hind " has proposed the new name Mytilimorpha to replace Goniophora Phillips, on the 
ground that the latter is preoccupied by a generic name previously applied by Agassiz to some 
crinoids. As Agassiz's crinoid genus is Goniophorus, not Goniophora, the name Goniophora 
should not be considered preoccupied. Hind's MytiUmorpha is founded on the Carboniferous 
Goniophora rhombea, which is without posterior lateral teeth. Should the genotype of Gonio- 

1 Hall, James, Paleontology of New York, vol. 5, pt. 1, pi. 43, figs. 15, 17, 20. 1885. 

"- Idem, pi. 43, fig. 2. 

3 Idem, pi. 43, flg. 7. 

« New York State Geologist Sixteenth Rept. (for 1806), p. 254, figs. 1, 2, 1897. 

• Systdme allurien du centre de la Bohdme, pt. 1, vol. 6, pi. 255, figs. 2, 9, 13, 1881. 
> Hall, James, op. cit., p. 293, pi. 34, figs. 1-6; pi. 42, figs. 1-2. 

7 Goldfuss, August, Petrefacta Germanise, pt. 2, p. 144, pi. 124, fig. 12, 1803. 

■ Schauroth, C, Deutsche geol. Gesell. Zeitschr., vol. 9, p. 120, pi. 0, flg. 17, 1857. 

* Bittner, Alexander, Lamellibranehlaten der alpinen Trias, pt. 1: K. k. geol. Reichsanstalt WIen Abb., vol. 18, p. 112, pi. 13, flg. 10, 189SL 
Broili, Ferdinand, Palaeontographica, vol. 50, p. 217, pi. 27, figs. 3-14, 1903. 

>• Sandberger, Ouido and Fridolin, Die Versteinerungen des rheinischen Sehichtensystems in Nassau, p. 263, pi. 27, flg. 12, 1850-1855. 

ii Idem, p. 260, pi. 27, fig. 11. 

13 Paleontology of New York, vol. 5, pt. 1, p. 305, pi. 42, figs. 4-6, 1885. 

>^ Hind, Wheelton, A monograph of the British Carboniferous Lamellibranchiata, pt. 4: Ix>ndon Paleontogr. Soc>. Pubs., vol. 53, p. 338, 1899. 
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phora ((?. q/misrformis) be found to possess posterior laterals, the name Mytilimorpha may 
be applied to those shells commonly called Goniophora which lack such teeth. 

The oldest known species of Goniophora is the fossil called Modiolopsis carinaia Hall,* 
from the Trenton limestone (Ordovician) of Middleville, N. Y. (not Goniophora carinaia (Conrad, 
1841),' from the Middle Devonian; the two species appear to be congeneric, however, and as 
Hall's specific name is therefore preoccupied, I would suggest the name of G, trentonensis for 
Hall's Ordovician fossil). The next oldest species, G, spedosa Hall,' occurs in the upper Niaga- 
ran (Silurian) shale-s of Waldron, Ind. These two rare fossils are the only species of Gonio- 
phora described from the Ordovician and Silurian of the American continent except the Nova 
Scotian Silurian forms. Goniophora crassa Whiteaves,* from the Guelph dolomite of Ontario, 
Canada (equivalent of English Aymestry), is not a Goniophora; it is a modiolopsoid shell with 
a well-developed cardinal tooth or fold, and is therefore referable to Modiomorpha Hall. 
Beushausen ^ also has shown that the shell is not Goniophora. The species is still included 
in Goniophora by Whiteaves in his ''Revised list of the fossils of the Guelph formation."* 
Goniophora dvhia (Hall?)^ is doubtfully a Goniophora. The species occurs in the Manlius 
limestone of New York and also at Peach Point, Put-in-Bay Island, Lake Erie, and at Mid- 
dletown," Ohio, in strata supposed to be of the same age. 

In Europe Goniophora is imknown in the Ordovician and makes its first appearance in the 
Gotlandian Silurian, in the brachiopod shales of which occurs Goniophora carpomorpha (Dal- 
man).* This species is very similar to G. cymbaRformis and was considered probably identical 
with it by Soweiby himself.** Goniophoras occurring in the English Wenlock group, Lower 
Ludlow and Aymestry limestone, have been reported" as G, cymhseformis Sowerby. In the 
Bohemian Silurian Goniophora makes its first appearance in 6tage E^, the equivalent of the 
Guelph and Aymestry. 

Beginning with the Upper Ludlow and Tilestone faimas, in which Goniophora cymhse- 
formis is an abundant and characteristic fossil, Goniophora is fairly common. G, cyrnbaeformiSf 
of which the late Silurian Goniophora consimUis BiWings, from Arisaig, Nova Scotia, already 
cited, appears to be a synonym, is reported by LindstrOm*^ from Gotland and by Schmidt" 
from the island of Oesel. 

Goniophora attains the acme of its development throughout the Devonian, particularly in 
the Siegen and Coblenzian graywackes of the German Lower Devonian, from which 15 or 20 
species have been described, including the shells described and figured by Beushausen*^ as 
Leptodomus laiua Krantz, L. posterns Beushausen, L. barrosi Beushausen, and perhaps Cardio^ 
morpha alata Sandberger, which may be a Mecynodon. The genus is also highly developed in 
the Hamilton or Middle Devonian of New York, from which almost as many species are Imown. 
The members of the genus are fewer and less abundant in the Upper Devonian. Goniophora 
continue into the British and Belgian '^sub-Carboniferous." 

As to the distribution of Goniophora in America, attention has already been directed to 
Goniophora trentonensis nom. nov. ( = Modiolopsis (Goniophora) carinaia Hall, 1847, not Conrad's 
sp., 1841), from the Trenton limestone, and Goniophora spedosa Hall, from the Silurian Wal- 
dron shale of Indiana. Goniophora crassa Whiteaves, from the Guelph dolomite, is A Modio- 

1 Hall, James, Paleontology of New York, vol. 1, p. 160, pi. 35, fig. lla-c. 1847. 

* Idem. vol. 5, pt. 1, p. 301, 1885. 

* Hall, James, Albany Inst. Trans., vol. 10, p. 17, 1879; described and figured In Indiana State Geologist Eleventh Rept., p. 317, pi. 27, figs, 
as, 27< 1881. 

* Whiteaves, J. F., Paleosoic fossils of Canada, vol. 3, pt. 1, p. 9, pi. 2, figs. 3-3c, March, 1884. 

i Beoshaosen, Louis, Die Lamelllbranchiaten des rheiniachen Devon: K. preuss. geol. Landesanstalt .\bh., new 9<>r., vol. 17, p. 199, 1895. 

* PaleoKoio fossils, vol. 3, pt. 4, p. 329, September, 1906. 

' Whltefield, R. P., Geol. Survey Ohio, vol. 7, p. 415, pi. 1, figs. 24-26. 1893. 

* Whitfield said "Middletown, Marion County,'' but Mlddletown is in Butler County, a long distance from Marion County. 

'OardUet carpomorphua Dalman, Acta Acad. Holmis, p. 372, pi. 4, fig. 2, 1824; Onrdium carpomnrphum, Hisinger, Petrifieata Svecife, p. 63, 
pi. 19, fig. 5, 1837-1841; Ooniophora carpomorpkat Lindstrom, Fragmenta silurica, pi. 19, 1880. 

u MurchJson, R. I., The Silurian system, p. 602, 1839. 

" Phillips, John, The Malvern Hills: Geol. Survey Great Britain Mem., vol. 2, pt. 1. p. 267. 1H48. 

u Nomina fossilium siluriensium Gothlandiae, p. 3, 1867. 

^> Schmidt, Friedrich, Untersuchungen ueber die silurische Formation von Ehstland, Nord- Li viand und Oesel: Archiv Naturk. Liv-, Ehst- 
and Kurlands, 1st ser., vol. 2, pp. 173, 209, 1858. 

M Beushausen, Louis, op. dt., pis. 24, 25. 
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morpha, not a Goniophora. Goniophora is unknown in America in the Salina formation 
(hydraulic limestones and shales), except for the Goniophora sp. indet. of Weller,* from the 
Decker limestone of New Jersey, which corresponds with the extreme top of the Salina forma- 
tion and is just below the horizon of the Cobleskill limestone. The genus is also unknown in 
the Cobleskill limestone and the Rondout water lime. Goniophora duhia (Hall?) Whitfield, 
from the Manlius limestone of New York and from corresponding beds in Ohio, is doubtfully 
a Goniophora. In the Upper Ludlow faimas of Arisaig, Nova Scotia, several species of Gonio- 
phora are very common. 

From the Helderberg and Oriskany faunas of New York and their equivalents no Gonio- 
phora has yet been described, and the genus, if it occurs at all, is very rare in these rocks. 
Schuchert * in his list of the Helderbergian f aima includes a Goniophora sp. nov. from the shaly 
New Scotland limestone of New York. Another undetermined form is doubtfully indicated 
by Weller from the Balmanites dentatus zone (*'Trilobite beds*') of the Port Jervis section. 

In the Lower Coblenzian faima, or zone of Spirifer hercynise, Goniophora is represented 
by G. mediocris Billings,' from the Grande Greve or Gaspe limestone No. 8 of Indian Cove, 
Gaspe, Quebec. 

In the Schoharie grit and *'Comiferous*' limestone Goniophora occurs occasionally; in 
the Marcellus shale the genus is extremely rare; in the Hamilton Goniophoras become very com- 
mon, both in species and individuals, throughout New York State, occurring in the arenaceous 
sediments of the eastern part of the State as abundantly as in the calcareous rocks of the western 
part. In the Tully limestone Goniophora is rare; it is unknown in the Genesee shale and in the 
Portage formation, except in the Ithaca shale member, where it is fairly common, the interesting 
little Goniophora minor Hall being a characteristic fossil of the upper half of the Ithaca member. 
Goniophora continues into the Chemung of eastern New York and is rarely found in the Che- 
mung of central and western New York. 

No Goniophora is known from faunas higher than the Chemung in North America. The spe- 
cies described from the Warsaw shale imder the name Cypricarddla plicaia and often cited under 
the generic name Goniophora does not belong to that genus, but is more nearly related to 
Pleurophorus.* In Great Britain and in Belgium, however, Goniophora continues into the 
Carboniferous, being represented by Cypricardiaglabratua Phillips,^ Cypricardia rhomhea Phillips,' 
and Cypricardia oAyaiicannata Armstrong.^ Additional references to these species are given by 
De Koninck' imder SanguinoUtes. In the heteromorphous assemblage of species included 
by De Koninck in the genus SanguinoUtes, especially his Group I, the species with only a single 
radial carina, there are many forms externally similar to the Devonian fossils that commonly 
pass imder the genus Goniophora. Besides the three species just noted, the following are a 
few of De Koninck's " Sanguinohtes '' that are referable to Goniophora : S. hipartitus De Koninck,* 
8, prmsectus De Ryckholt,*^ and S. lyeUianua De Ryckholt," from the Vise&n or ^tage III; and 
8. anguUUus De Koninck," S, cuneatus De Koninck," and S, constrictus De Koninck," from 

6tage 11. 

Goniophora kaysebi sp. nov. 

Plate XIX, figure 18. 

Length (54 millimeters) two and two-thirds times the height (20.5 millimeters) ; greatest 
length near the midheight. Umbones broad, incurved, depressed, hardly extending above 

1 Weller, Staart, Paleontology of New Jersey, vol. 3, p. 246, 1903. 

> Schuchert, Charles, Geol. Soc. America Bull., vol. 11, p. 2S6, 1900. 

s Billings, Elkanah, Paleocoic fossils of Canada, vol. 2, pt. 1, p. 50, fig. 21, 1874. 

« See Hall, James, Albany Inst. Trans., vol. 4, p. 18, 1836; Whitfield, R. P., Am. Mus. Nat. Hist. Bull., vol. 1, p. 66, pi. 7, fig. 39, 1882; and Hall, 
James, Indiana Dept. Geology and Nat. Hist. Twelfth Ann. Kept., p. 341, pi. 30, fig. 39, 1S.S3. 
» Phlllii»s, John, Illustrations of the geology of Yorkshire, vol. 1, p. 209, pi. 5, fig. 25, 1S34). 

* Idem, p. 209, pi. 5, fig. 10. 

> Armstrong, James, Geol. Soc. Glasgow Trans., vol. 2, p. 28, pi. 1, fig. 3, 1865. 

> De Koninck, L. G., Faune du calcaire carbonif^re de la Belgique, vol. 3, pt. 5, pp. Gl, 63, 68, pi. 15, ISC.. 

• Idem, p. 69, pi. 15, fig. 27. 
w Idem, p. 67, pi. 15, fig. 37. 
u Idem, p. 64, pi. 15, fig. 39. 

M Idem, p. 71, pi. 16, figs. 4, 18. 
u Idem, p. 71, pi. 16, figs. 14, 15. 
^4 Idem, p. 72, pi. 16, fig. 17. 
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the cardinal line; beaks situated between the anterior fourth and fifth, directed forward. The 
cardinal line extends posteriorly in a straight line parallel to the base or longitudinal axis for 
a distance equal to about one and one-fourth or one and one-third times the height; the cardinal 
extremity appears to be broadly rounded and merges at the posterior fourth or fifth of the 
length of the shell into the posterior margin. The posterior margin makes an unsymmetrical 
curve, convex throughout, retrorse above, nearly vertical in the lower half. The extreme lower 
part of the posterior margin extends slightly forward, so that the extreme posterior point of the 
shell is at one-third or two-fifths the height above the base. The postventral extremity is 
marked by the foot of the umbonal carina and is slightly nasute, so that the posterior third of 
the ventral margin is concave and rises anteriorly, though only very slightly so. The basal 
margin as a whole is constricted or very nearly straight to a point below the beaks, from which 
it cmrves into the rounded anterior portion. The anterior margin is strongly rounded; the upper 
portion has a shorter radius of curvature than the lower, reaches to a point more than two-thirds 
the height above the base, and is separated from the beak by a shallow lunule. The extreme 
anterior point of the margin is at the midheight. The principal features of the convexity of 
the shells are the steep convex slope above and behind the carina, a slight concavity in 
front of and below the carina, depressed convexity over the central regions of the surface, thence 
declining in a more strongly convex slope to the beak and anterior margin. The point of 
greatest depth of the valve is on the umbonal carina near the midlength, one-fifth or one-sixth 
the height below the cardinal line. This depth is equal to one-third the height (6.75 milli- 
meters) of the single valve. From the beak toward the midlength the surface is very steep 
or perpendicular to the cardinal line, the slope becoming more and more gentle posteriorly. 
The umbonal carina is well developed, sharp umbonally, less so postventrally. It is somewhat 
accentuated by the slight concavity in front of it and by the steep decUvity posteriorly to 
the cardinal line and posterior mai^in. The carina is not sigmoidal (except possibly at the 
lowest extremity, which is indistinct in the specimen) and extends in a shallow arch, convex 
with respect to the center of the surface. Hinge, muscular, and shell structures unknown. 

The surface ornamentation, so far as it can be described from an internal mold, consists 
of very faint, obsolescent, concentric lines of growth, leaving the specimen practically smooth. 

Length 54 millimeters, height 20.5 millimeters, depth of the left valve (the only specimen), 
6.75 millimeters. 

The distinguishing features of the genus are its transversely elongated nonoblique form; 
the length two and two-thirds times the height; the long, straight, horizontal, cardinal line; 
the rounded posterior margin, vertical in the lower half; the nasute postventral angle; the 
umbones depressed, beaks at the anterior fourth or fifth; dorsal carina convex, hardly sigmoidal; 
surface slightly concave in front of the carina, and steeply convex behind; depth of valve equal 
to one-third the height and one-eighth the length. 

I take pleasiu'e in naming thjs species after Prof. Emanuel Kayser as a slight token of 
my deep appreciation of his many years of fruitful labor on the Devonian. The name may 
also serve to emphasize the very close relationship between this species and a species of the 
same genus described by Prof. Kayser. 

LocaUty: Chapman sandstone, west side of Edmunds HUl, Chapman Township, Aroos- 
took County, Maine. 

U. S. National Museum, catalogue No. 59819. 

Comparisons. — ^Tho species described above imder Groniophora shows considerable resem- 
blance to Kayser's Goniophora trapezoidalis^ from the Taunus quartzite of ''Katzenloch." 
The two forms agree in the elongate outline, with length two and two-thirds times the height; 
depressed umbones and long cardinal line, one and one-third or more times the height; convex, 
curving posterior margin; nasutely extended postventral extremity; and convex, nonsigmoidal 
lunbonal carina, with a convex slope back of it and an obscure concavity or depression in front 
of it. The Chapman fossil differs from G, trapezoidalis, however, in the following particulars: 

1 Kayser, Emanuel, Ueber einige neae Zweischaler des rheinischen TaunusqoarziU: K. preuss. geol. LandesaDstalt Jahrb. 1884, p. 19, pi. 2, 
fig. 4, 1885. See also Beushausen, Louis, Die Lamellibrancbiaten des rheinischen Devon: K. preuss. geol. Landesanstalt Abh., new ser., vol. 17, 
p. 205, pi. 17, fig. 34, 1895. 
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The postinferior portion is slightly nasute and less extended than the European form; the 
lower half of the posterior margin is more nearly vertical; the cardinal line is shorter in pro- 
portion to the height; the anterior end is longer; and the beaks are at the anterior one-fourth 
or one-fifth, instead of at the anterior one-seventh. 

Ooniophora Jcayseri agrees with Roemer's G. hipartitaj from the Siegen graywacke, in the 
nasute extension of the postinferior portion of the shell and the nearly vertical position of the 
lower half of the posterior margin, but 0. bipartita is much shorter, and the umbones are situ- 
ated much nearer the front than in G. Jcayseri, 

GrONIOPHORA OMEGA sp. nOV. 
Plate XXIV, figures 13, 15. 

Length (more than 56 millimeters, apparently about 60 millimeters) about two and a 
half times the height (24 millimeters). Greatest length slightly below and near the midheight; 
greatest height near the middle. Umbones broad, very depressed, not extending beyond the 
cardinal line. The anterior end is destroyed in the type specimen, but the beaks appear to 
be at about the anterior fourth and directed forward. The cardinal line extends posteriorly 
in a slightly convex, nearly straight horizontal line parallel to the longitudinal axis and base 
for a distance equal to about one and three-fifths times the height of the shell. The post- 
cardinal extremity is subangular and situated at the posterior tenth or twelfth of the length. 
The posterior margin is convex throughout, retrorse, the most posterior point being below the 
midheight. The lower half of the posterior margin is approximately vertical. The post- 
ventral extremity is marked by the base of the umbonal caring and is apparently not nasute. 
The basal margin is nearly straight. The most striking features of the convexity are the steep 
convex slope back of the carina, uninterrupted by any insinuation or flexure and a broad, 
slightly concave depression marking the general surface of the shell and sloping markedly 
downward from the elevated umbonal carina as far forward as the anterior end, which appears 
to have been convex as usual. The umbones are depressed and the slope from the umbonal 
ridge to the cardinal line, just back of the beaks, is steep but hardly vertical. The umbonal 
carina is sharp, especially in the lower half; it appears to be sigmoidal, convex in the upper 
portion, slightly concave toward the middle, and straight in the lower half. The depth of 
the type specimen, a right valve, is 9 millimeters, or three-eighths of the height and three- 
twentieths of the length; the point of greatest depth is on the lunbonal carina at the midheighty 
and at the posterior third or two-fifths of the length of the shell. Hinge and muscular struc- 
ture unknown. The specimen at hand preserves the shell; this interesting featiure in Gonio- 
phora, I believe, has never before been described. The shell is of medium thickness and is 
composed in the main of a porcelaneous or earthy and seminacreous, laminated calcium car- 
bonate. The outermost layer is very thin, membraneous, rather continuous, and slightly 
different in color from the inner layers; it is much rougher than the inner layers and contains 
faint traces of fine and coarse lines of growth. This thin outer membrane may possibly have 
been the epidermal layer or periostraciim. It effervesces under acid though apparently some- 
what less strongly than the inner layers. The latter are nacreous or semiporcelaneous, slightly 
or faintly vitreous, and composed of large, smooth, thin flakes; like the outer layer, they are 
of a pale-yellowish russet color. No distinctly prismatic layer is observable. 

The surface is essentially smooth, especially posterior to the carina. Anteriorly there are 
indications of obsolescent lines of growth, occasionally aggregated into faint concentric ridges 
and hollows 1 millimeter or less in width. Length more than 56 millimeters, apparently about 
60 millimeters; height, 24 milluneters; depth (of the right valve), 9 millimeters. 

The distinguishing features of this Goniophora are the length, which is two and a half 
times the height; the long, horizontal, very slightly convex hinge line, equal to one and three- 
fifth times the height of the shell; the postcardinal extremity at the posterior tenth or twelfth; 
the posterior margin rounded convex throughout, with the lower half vertical; the straight or 
concave ventral margin; the sigmoid carina, becoming sharper below; the convex surface back 
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of the carina; the broadly concave general surface slopmg downward from the carina to the 
anterior 6nd, which is convex, as normal; and the practically smooth surface. 

Three specimens of this species obtained since the foregoing description was written show 
the characteristic broad ventral concavity, smooth convex postumbonal slope, shell structure, 
outline, and sigmoidal carina as described above. Two of the specimens are 18 and 21 milli- 
meters high, respectively. 

Locality: Chapman sandstone, 2 miles west of Presque Isle Stream, Chapman Township, 
Aroostook County, Maine. 

U. S. National Museum, catalogue No. 59820. 

Comparisons, — The nearest ally to this species is Goniophora Jcayserif described above. In 
0. Jcayseri the postcardinal extremity is farther forward and more obtusely rounded than in 
6. omega, and the postbasal extremity is more nasute. In G. omega the carina is apparently 
sigmoid and becomes sharper below; in G, Icayseri it is convex throughout and less sharp below 
than umbonally. The most important distinction observed is the broad concavity in (?. omega 
over the general surface in front of the carina, extending over the central part of the shell to 
a point just below the position of the beak. In G, Jcayseri the central part is faintly convex, 
the concavity being limited to a narrow space immediately in front of the carina. The broad 
concavity is one of the most distinguishing features of G. omega. The nearest allies in this and 
several other respects are Goniophora trigona Hall,' from the Upper Devonian Chemung for- 
mation, near Franklin, Delaware County, N. Y., which differs chiefly in having the posterior 
slope concave instead of convex, the umbones extending over the cardinal line and the car- 
dinal line shorter in proportion to the height of the shell. The Goniophoras figured by Hall * 
from the Hamilton of Schoharie County, N. Y., are also similar, but have the posterior margin 
more abruptly truncate and straight and the posterior slope concave instead of convex. 

Genua SFHEXOTOMOBFHA gen. nov. 

A well-preserved interior mold of a modiomorphoid shell from the Chapman sandstone of 
the Presque Isle Stream area presents some peculiar features that seem to require generic as 
well as specific separation from previously described forms. On account of combination of 
characters of the two genera Sphenotus and Modiomorpha the name Sphenotomorpha is pro- 
posed. Sphenotomorpha diflfers from Modiomorpha in having the hinge line rigid, straight, 
not ascending, but horizontal or slightly declining; it also lacks the ventral insinuation or con- 
striction characteristic of Modiomorpha and the modiolopsoids in general. The hinge features 
are those of Modiomorpha — a long, narrow escutcheon, with a low triangulxir cardinal tooth in 
the left valve fitting into a groove in the right. The external expression will at once distin- 
guish Sphenotomorpha from Modiomorpha. This external expression corresponds with that 
of the well-known genus Sphenotus Hall in outline, curvature, and markings, but the ventral 
insinuation present in the common and characteristic species of Sphenotus is absent in Sphe- 
notomorpha. The hinge features are entirely distinct in the two genera, Sphenotus having 
two cardinals in the right valve and one or two lateral teeth, whereas Sphenotomorpha has 
only one cardinal in the left valve, apparently no teeth in the right valve, and no posterior 
laterals. The generic diagnosis is as follows: 

Shells having the superficial featiu*es of Sphenotus but without ventral insinuation and 
having the dentition of Modiomorpha Hall; transversely elongate, apparently closed, equivalve, 
except that in the right valve there is generally a posterior longitudinal furrow and in the left 
valve an elevated ridge or riblet, between the umbonal ridge and the hinge line; very inequi- 
lateral, length about double the height; ventral and dorsal margins parallel; the ventral mar- 
gin convex, without insinuation; dorsal margia long, straight, horizontal, or slightly declining 
posteriorly; posterior margin truncate; anterior end rounded, short but distinct, and sepa- 
rated by a small shallow lunule from the beaks, which are anterior, prosogyrate; convexity 

» Hall, James, Paleontology o( New York, vol. 5, pt. 1, p. 302, pi. 42, fig. 12; pi. 44, flg. 9, 1885. 

* Idem, pi. 42, figs. 14, 15. These shells are misnamed Ooniopkora suhrecta Hall, for the orfghials of that species are from the Chemung of Dela- 
ware County and are figured on pi. 44, figs. 19, 21. Figs. 14 and 15 on pi. 42 show Hamilton shells apparently of the same species as that represented 
in flg. 11, pi. 42, and figs, ft-8, pi. 44; that is, G. earinata Conrad. 
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moderate; umbonal ridge rounded, fairly prominent; between the umbonal ridge and the hinge 
line there occm« a slight narrow radial groove or ridge, the ridge frequently occurring in the left 
valve and the groove in the right valve. There is a long, narrow escutcheon for an external (?) 
ligament and a low thick short cardinal tooth in the left valve fitting into a socket in the right 
valve, but no other cardinal or lateral teeth. Muscular scars and pallial line unknown. Orna- 
mentation, concentric low obsolescent narrow ridges or undulations of growth. 

The type is Sphenotomorpha rigidula sp. nov., from the Chapman sandstone. The species 
Sphenotv^ hodevbenderi Clarke,* from the Lower Coblenzian (Eo-Devonian) fauna of Rio Maecuru, 
Para, Brazil, appears to be congeneric, as does also Oytherodonf socialis Billings,' from the 
late Silurian faxma at Arisaig, Nova Scotia. The geologic horizon of the genus appears to be 
uppermost Siliudan and Lower Devonian. 

Sphenotomorpha RiomuLA gen. et sp. nov. 

Plate XXIV, figure 9. 

Length (30 millimeters) two and one-half times the height (12 miUimeters); dorsal and 
ventral margins parallel, so that the greatest height is indefinitely near the middle, greatest 
length near the base. Umbones depressed, not extending beyond the hinge line, prosogyrate 
beaks situated between the anterior fifth and sixth, nearer the latter. Hinge line long, rigid, 
straight, horizontal, or slightly declining; equal in length to 1 J or 1 J times the height of the 
shell. Posterior hinge extremity distinct, subangular, very obtuse. The posterior margin 
is strongly retrorse; almost straight, as far down as the respiratory angle, making an angle of 
135® with the hinge line. Posterior extremity at the respiratory angle, at the inferior third of 
the height. Ventral margin nearly horizontal; not insinuated; convex throughout, though 
only slightly so over the greater portion; curving upward more strongly into the rounded 
postinferior or respiratory angle and into the roimded anterior end. The anterior end is lower 
than the posterior end but includes about three-fourths the height of the shell. There is a 
shallow, very small lunule. The shell is of moderate depth; convex throughout, especially 
over the middle; slightly more depressed posteriorly, ventrally, and toward the umbones, 
though nowhere complanate or compressed. There is an undefined, broadly roimded umbonal 
ridge, prominent umbonally, less distinct lower down. There is no ventral insinuation; 
between the umbonal ridge and hinge line there is a faint radial groove in the right valve on 
the internal mold. Point of great^t depth at the middle; depth of single right valve 2.85 
millimeters, or one-fourth the height. A narrow groove extends the length of the hinge line 
posterior to the beak, gradually tapering posteriorly, and apparently representing a narrow 
external (?) escutcheon. On the internal mold of the right valve there is a broad, low tri- 
angular or domeUke elevation just beneath the beak, which apparently represents a similarly 
shaped single cardinal tooth in the left valve and a corresponding socket in the right. No 
evidence of any other teeth is foimd. Muscular scars and pallial hne not discernible. 

The internal mold shows evidence of concentric, obsolescent, low rounded imdulations of 
growth. These undulations are strongest on the anterior end of the shell to a point below 
the umbones; posterior to the rounded umbonal ridge they disappear and the surface is 
essentially smooth. 

Type and only specimen, a right valve in internal mold, 30 milhmeters long, 12 millimeters 
high, and 2.85 millimeters thick. 

The distinguishing features of the fossil are the transverse outline, length two and one-half 
times the height; parallel basal and dorsal margins, the latter horizontal or very slightly 
declining, rigidly straight, and one and one-third times the height of the shell; basal margin 
sUghtly convex, not insinuated; posterior margin retrorse, making an angle of 135° with the 
hinge line; posterior extremity at the respiratory angle in the lower third; anterior margin 
rounded and three-fourths the height; umbones botweon the anterior fifth and sixth; convexity 

1 Clarke, J. M., The Paleozoic faunas of Para, Brazil; Devonian MoUusca: Mus. nac. Rio do Janeiro Arch., vol. 10, pi. 8, figs. 25, 26; pi. 5, fig. 17, 
1899 (author's English ed., p. 5M, 1900). 

> Billings, Elkanah, Paleozoic fossils of Canada, vol. 2, pt. 1, p. 138; pi. 8, fig. 12, 1871 
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moderate, uniform, the shell nowhere insinuated or compressed except for an extremely faint 
radial groove between the hinge line and the imibonal ridge; umbonal ridge broadly rounded, 
hardly discernible; no muscular scars visible; low concentric undulations of growth, most 
conspicuous on the anterior end, the posterior slope nearly smooth; a long, narrow, but distinct 
escutcheon (posterior ligamental groove), and a solitary short domelike cardinal tooth in the 
left valve and a socket in the right; shell apparently closed. 

Locality: Chapman sandstone, 2 J miles west of Presque Isle Stream, Chapman Township, 
Aroostook County, Maine, with CJionetes striatisaimus. 

U. S. National Museiun, catalogue No. 59821. 

Generic and specific relations. — The generic position of this shell is perplexing. In the 
ligament, single low cardinal tooth in the left valve and socket in the right valve, and transverse 
outline with rounded imdefined umbonal ridge, it would seem to find its nearest affiliations 
with Modiomorpha Hall; but the shell is easily distinguished from Modiomorpha and the 
modiolopsoids by the uniform convexity below the umbones and by the absence of any insinua- 
tion or compression. In the modiolopsoids also, the hinge line is ascending, the shell becoming 
markedly wider behind, imlike Sphenotomorpha rigidvJa. 

The outline of the present species is, with the exception of the ventral margin, that of 
typical Sphenotus. The genus Sphenotus was foimded by Hall,^ who described it as follows: 

Sphenotus, n. g. (Typical species, Sanguinolites arcxfonrm HaU and Cypricardia contracta HaU.) 

Shell equivalve, very inequilateral, elongate subtrapezoidal or cylindrical in outline. Anterior end short. 
Posterior end usuaUy obliquely truncate. Beaks subanterior. Cardinal line long and nearly straight. Umbonal 
lidge defined, extending from the beak to the postinierior extremity. Postcardinal slope marked in aU the charac- 
teristic species by a median lidge. Valves crossed from the beak to the base by a more or less defined, broad cincture, 
which often produces a constriction in the ventral maigin. 

Surface marked by concentric strise of growth and rarely by fine radiating lines. In a single species {S. soUnoides) 
the siirface is further ornamented by fine, irregular, elevated vascular lines on the posterior half of the shell, especially 
above the umbonal ridge. 

Hinge narrow, with two short, narrow cardinal teeth beneath the beak of the right valve, and with one or two 
extremely slender lateral teeth. Ligament external, contained in a slender groove along the cardinal line. Anterior 
muscular scar strongly marked, situated close to the anterior maigin. Posterior scar shaUow. Pallial line simple. 

The species united imder the preceding generic description have been referred to several genera by various 
authors. The genus Sanguinolites, by an unwarrantable extension of its true characters and the disr^;ard of the type, 
has heretofore included many species of this group. Also, a few forms have been placed in the genus AUorisma. 
They differ from both these genera in the umbonal and postcardinal ridges, their trapezoidal form, in the cincture 
crossing the valves, and in the characters of the hinge. 

Examples: Sphenotus carcasformU, PI. LXV, figs. 7-11; Spfienotus contractuSf PI. LXVI, figs. 1, 3-9, 11-13, 15; 
PL XCIV, fig. 2. 

The genus includes nairow, transversely elongated shells with nearly parallel basal and 
dorsal margins, marked by a rather conspicuous umbonal ridge between which and the dorsal 
line occur one or occasionally two or more radial grooves or riblets, or commonly one or more 
hblets in the left valve and the^ groove structure in the right valve. In Sphenotus contractus 
Hall, one of the type species of Sphenotus, there are in the right valve '*two short, narrow 
cardinal teeth, beneath the beak * * * and one or two extremely slender lateral teeth." 
There is a long escutcheon. Sphenotus is easily recognized by its transverse outline with 
prominent umbonal ridge, and particularly by the longitudinal furrow or riblet between the 
umbonal ridge and cardinal Une. This furrow or riblet is present in all the typical forms, 
though it is sometimes discernible only with difficulty. In Sphenotus, as in the modiolopsoids, 
there is a ventral insinuation or constriction. 

Sphenotomorpha agrees with Sphenotus in outline and superficial appearance, sharing 
with it the characteristic posterior riblet or groove, but Sphenotomorpha lacks the ventral 
insinuation or constriction of both Sphenotus and Modiomorpha. The posterior radial riblet or 
furrow is very faint. In Sphenotomorpha rigidula it is almost invisible, and is represented by 
a faintly impressed line midway between the umbonal ridge and cardinal line or a trifle nearer 
the former. Clarke's figures of Sphenotus [Sphenotomorpha] hodenhenderi indicate a similar 

1 Hall, James, Paleontology of New York, vol. 5, pt. 1, p. xxxiii, 1885. 
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extremely faint posterior furrow in the right valve, whereas Billings's figure of Cytherodan 
[SpJienotomorpha] sodalis shows a riblet in the left valve. This would indicate that in Sphe- 
notomorpha, as is common in Sphenotus, the posterior riblet is in the left valve and the furrow 
is fainter and in the right valve, the two valves being otherwise apparently equal. 

Sphenotus hodenbenderi Clarke and Cytherodonf sodalis Billings are included in Sphenoto- 
morpha because of their agreement with the new genus in its superficial aspect, differing from 
Sphenotus in the convex, noninsinuated ventral margin. Their dentition is imknown at present. 

In the sphenotomorphoid aspect and convex noninsinuated ventral margin Sphenotomorpha 

agrees closely with the Carboniferous genus Pleurophorella of Girty,* but that shell is a closed 

allerismoid with strongly granulated surface and a deep lunule. P. papulosa^ the genotype, 

seems to show a single dental socket under the beak of the left valve, according to Girty, who 

is, however, not certain of this feature. In Sphenotomorpha the lunule is exceedingly small 

and the surface apparently nongranulose; there is a single cardinal tooth in the left valve with 

a socket in the right valve. 

Superfamily NAIADACEA. 

FamOy CARDINHDiE Zittel. 

Genua ANODONTOPSIS McCoy, 1862. 

The genus Anodontopsis McCoy is discussed at length in the present paper in connection with 
the genus Cypricardella (pp. 239-244) . It is there pointed out that if the term Anodontopsis is to 
be used at all, it must be restricted in its application to shells congeneric with the Upper Ludlow 
Anodontopsis angustifrons McCoy,^ the genotype. Unfortunately, however, it is at present 
rather diflBlcult to determine just what shells are congeneric with the genotype, because of 
uncertainty as to its real structure. 

Anodontopsis maccoyiana, described beyond, so closely resembles McCoy's genotype in out- 
line, convexity, and ornamentation that the two might easily be considered as the same species. 
Because of this nearly specific identity, for the present I am referring the Chapman shells to the 
genus Anodontopsis; future elucidation of the English type may or may not prove them 
congeneric. 

If the Chapman and British shells are regarded as congeneric, the genus Anodontopsis McCoy 
may be defined as including cyrtodontiform, concentrically striate, dimyarian shells having the 
umbones in front of the middle and prosogyrate; the anterior end distinctly developed and 
round; the posterior portion of the sheU expanding in height, owing to the ascending hinge line; 
the posterior margin retrorse; the ventral margin rounded and without trace of byssal sinus or 
constriction. No lunette or escutcheon. Dentition unknown; but apparently the hinge plate 
must have been thin, if developed at all. The shells conform in outline and general superficial 
expression with the Cyrtodonta-Cypricardites group but have no escutcheon; the hinge plate, 
if developed at all, is decidedly weaker than in that group ; and the stronger posterior teeth of 
that group are certainly lacking. Anodontopsis is also more depressed than the gibbous and 
ventricose species of Cyrtodonta, etc. 

Anodontopsis maccoyiana sp. nov. 

Plate XXIV, figure 14; Plate XXVI, figures 2, 3, 5, 6, 7, 10, 12, 13. 

ef . 1855. Anodontopsis angustifrons. McCoy, Britiah Paleozoic rocks and fossils, p. 271, pi. 1, K, figs. 14, 15. 
Upper Ludlow: Benson Knot and Kirkby Moor, Kendal, Westmoreland. 

Outline triangular or wedge-shaped, expanding behind; cyrtodontiform; total length of 
the hinge line, both in front of and behind the beaks, slightly less than or barely equal to the 
height of the shell perpendicular thereto; beaks at approximately the anterior third, directed 
forward and not protruding above the hinge line. Anterior portion of the shell well developed; 

» Girty, O. H., New moUuscan genera from the Carboniferous: IT. S. Nat. Mus. Proc. No. 1372, vol. 27, pp. 728 et seq., pi. 45, ftgs. 4-6; pi. 46, 
fig. 5, June 1, 1904. 

> Sedgwick, Adanii and KcCoy, Frederick, British PaleoKoic rocks and fossils, p. 271, pi. 1, K, figs. 14, 15, 1852. 
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equal to a quarter or a third of the total length, and attaining four-sevenths to five-sevenths the 
total height. There is a definable lunule in front of the beaks; the anterodorsal margin swings 
into the posterior hinge line in a broad curve. The anterior portion of the shell is convexly 
rounded throughout, with the shortest radius of curvature anteroventrally, at the point whence 
the anterior margin descends in a broad arch into the ventral margin, which continues in a reg- 
ular descending, shallow, convex curve nearly to the postventral or respiratory angle. Only 
near the posterior extremity is the ventral margin horizontal or faintly ascending; it swings in 
an abrupt retrorse curve into the posterior margin. Both the lowest and the hindmost points 
of the shell are therefore near the respiratory angle. The posterior margin of the shell is retrorse 
in a shallowly convex arch which swings forward a little more rapidly as it approaches the hinge 
line. The posterior margin of the shell, up to the hinge extremity, and the posterior two- thirds 
of the ventral margin are approximately symmetric with reference to a line drawn from the 
postventral extremity to the beak. The hinge line is slightly convex; its length behind the 
beaks is equal to from one-half to three-fifths that of the posterior margin. The hinge line 
and the ventral margin convei^e forward at an angle varying between 12® and 28®, generally 
nearly 25®. The shells display a rounded postumbonal ridge on which the point of greatest 
depth is situate between one-third and one-half the distance from beak to postventral extrem- 
ity. This is posterior to the middle. The postumbonal slope is steep and flat, becoming slightly 
concave in profile near the hinge line. Anterior to the beaks the shell is depressed convex. The 
umbones are depressed down to the hinge line. The depth of the valve with both valves in 
conjunction appears to have been equal to only one-third the distance from beak to respiratory 
angle, and in internal molds was only two-sevenths this distance or less. 

The anterior muscular scar is large and impressed with moderate distinctness. It is situated 
on the floor of the valve on a line between the beak and forward extremity of the shell, and is 
equal in length to one-third this distance or a trifle more. It is variably oval, ovate, or semi- 
circular, the posterior portion more deeply impressed into the shell than the anterior. The 
posterior muscular scar is not distinctly impressed on any of the specimens and must have been 
extremely faint. The pallial line begins at the anteroventral margin of the anterior muscular 
scar, so that nearly all the muscular scar is behind the mantle attachment. The pallial line 
extends parallel with the ventral margin, 2 or .3 millimeters distant from it, and is strongly 
impressed for about one-half to two-thirds the length of the ventral margin, beyond which 
it gradually weakens posteriorly and becomes invisible. The portion of the shell below the 
pallial line is conspicuous on internal casts and appears to have been thickened and convex 
on the interior. 

No trace of posterior lateral teeth have been seen in Anodorvtopsis maccoyiann sp. nov., unless 
a very faint incision on the internal mold of the left valve and a similar faint mark on the internal 
mold of the right valve may be so regarded. This faint line becomes gradually fainter poste- 
riorly, diverges somewhat from the hinge line, and is not distinct (if dbcernible at all) beyond 
half the length of the dorsal margin, where it is 2 or 3 millimeters below the dorsal edge, and pro- 
duces a more or less definable flat strip at the dorsal edge. This line may possibly indicate a 
hinge platform or posterior tooth, but more probably it represents either the insertion of an 
internal ( ?) ligament or the dorsal insertion of the mantle, or both. None of the specimens from 
the locality 2 miles west of Presque Isle Stream are well enough preserved to show cardinal 
teeth if they had been developed. A single internal mold of a left valve from PVesque Isle Stream 
showing an interesting type of cardinal dentition may prove not to belong to the present species. 
This specimen indicates the presence of two or three radial very faint cardinal teeth in the left 
valve and one less in the right; these teeth and their corresponding sockets are very weak in 
front and increase in strength going backward, so that the hindmost tooth of the left valve is 
fairly well developed. The cardinal teeth are directed radially toward a point a little above 
the postventral extremity. This specimen may be a young individual of Modiomorpha arooa- 
tooJci rather than an adult of Anodontopsis mdccoyiana. 

Ligament unknown, possibly linear, or, judging from the faint line, internal. Shell mod- 
erately thick; smooth (devoid of growth lines) on the interior; structure not examined. 
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The surface of the shell is covered with concentric raised lines and impressed striee of growth, 
which are best developed posteriorly just below the hinge line and anteriorly near the front 
margin. About 20 of these striae were counted in a space of 4 millimeters near the postdorsal 
extremity of one specimen. On some well-preserved shells these striae are covered by still finer 
extremely minute concentric striations that are visible only under a magnifying glass. 

The smallest specimen observed was 9.75 millimeters long and 9 millimeters high. Three 
of the lai^est specimens were 30 millimeters long and 24 to 28 millimeters high. 

The distinguishing features of this fossil are the cyrtodontiform outline, with large, well- 
developed anterior end; posterior end expanding in height; beaks at about the anterior third, 
not projecting above the hinge line; absence of lunule or concavity in front of the beaks; rela- 
tively depressed convexity compared with Cyrtodontidse; point of maximum depth on the 
rounded postumbonal ridge; fairly lai^e and distinctly impressed anterior muscular scar sit- 
uated near the anterior margin; usually nondiscernible posterior scar; pallial line strongly 
impressed in the forward half, with the shell thickened on the interior below the pallial line; 
absence of posterior teeth; moderately thick shell; and concentric lines best developed near the 
posterior hinge line and near the anterior margin. 

Locality: Chapman sandstone, 2 miles west of Presque Isle Stream (locality 1099 J), 
Aroostook County, Maine, where the species appears to be abundant. A single specimen was 
foimd on Presque Isle Stream at the end of the Tweedy road Oocahty 1099 L). 

U. S. National Museum, catalogue Nos. 59822, 59823. 

Comparisons. — ^This shell, as has been stated, may easily be confused with AnodorUopsis 
angustifrons McCoy, from the Upper Ludlow-Downtonian grits of Kendal, Westmoreland. The 
Chapman shell, however, is rather higher posteriorly, and has the posterior margin a trifle less 
retrorse than in the English shell. The ornamentation is rather finer and sharper in the Chapman 
specimens than in the sculpture casts of the British fossils, but this may possibly be due to a 
difference in conditions of preservation rather than to any original difference. McCoy, in 
describing the anterior of Anodontopsis angvMifrons, stated that "The posterior lateral tooth or 
plate extends almost to the end of the hinge line and close to it." In the American shell this 
tooth is indefinite beyond the midlength of the hinge. 

Clarke * has described a large Anodontopsis ( ?) from the Chapman sandstone of Edmimds 
Hill imder the name ModiomorpJia vulcanalis, Anodontopsis maccoyiana hardly attains half 
the size of the gigantic Edmimds Hill species and shows some minor differences in details of 
outline. Clarke's shell may be congeneric with Anodontopsis maccoyiana^ but it is not a 
Modiomorpha. 

A. maccoyiana ako resembles the so-called CypricardeUa pohli Clarke,' from the Lower 
Coblenzian fauna of Rio Maecuru, Para, Brazil. The Brazihan shell differs specifically from 
the Chapman fossils in being more narrowly cordate in outUne, with a shorter anterior end, and 
in having slightly more prominent umbones and coarser and more distant surface markings. 
It is described as being "somewhat inflated." If CypricardeUa pohli Clarke is not a member of 
the Cyrtodonta-Cypricardites group, it may be congeneric with Anodontopsis m^iccoyiana. 

Snperfamily TRIGONUCEA. 

Family TRIGONIIDi45 Lamarck. 

Genua SCHIZODTTS King, 1844. 

SCHIZODUS? PRUNUM Sp. UOV. 
Plate XX, figure 9. 

A sculpture cast of a right valve represents a bivalve of vertically elongate, plum-shaped 
outline, having an obscure schizodiform postumbonal ridge, more obscure than is indicated in 
the figure. Behind this ridge the surface descends in a sloping plane to the dorsal margin. In 

1 Clarke, J. M., New York State Mus. Bull. 107, p. 219, figs., 1907. 

s Clarke, J. M., Miu. nac. Rio de Janeiro Arch., vol. 10, pL 6, fig. 10, 1899 (author's English ed., p. 64, 1900). 
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front of the carination the surface is moderately and evenly convex. The umbone is broad, 
slightly in advance of the middle, faintly prosogyrate, and hardly protrudes above the dorsal 
edge. The obhque height, or distance from beak to respiratory angle, is one-fourth greater 
than the oblique length (measured in a direction at right angles to the oblique height). The 
surface is marked by concentric lines of growth, which are faint on the posterior slope. 

Locality: Chapman sandstone, Edmunds Hill, Chapman Township, Aroostook County, 
Maine. 

Comparisons. — ^The vertical elongation of the shell would seem to suggest a relationship 
with similarly elongate shells for which Miller * has proposed the generic name Angellimi, but 
the contour of the siu^ace of the Chapman shell precludes any close aflBhation with the peculiar 
Angellum, the genotype of which is AngeUum cnneatum Miller, from the upper part of the 
Cincinnatian series at Richmond, Ind. In Angellum the surface of the shells is uniformly and 
deeply inflated; there appears to be an anterior byssus and a posterior alation; the imibones 
are elevated, arch over the dorsal line, and are pronouncedly prosogyrate. 

The Chapman shell conforms more nearly with the peculiar elongate bivalve described and 
figured by Kayser as ModiomorpTui f svhrectangularis,^ from the German basal Devonian or 
Taunus quartzite at Katzenloch, near Idar. The German species is less oblique and has a less 
well-defined carination posteriorly than the Chapman shell and is of sUghtly different outUne, 
but the two forms are evidently closely related and probably belong to the same genus. 
Kayser figures two nearly equal muscular scars and describes a probable small tooth imder 
the beak. These characters, with the outline, would seem to indicate that the genus is neither 
Modiomorpha nor Schizodus, but more probably allied to Cypricardella, from which the shells 
differ conspicuously in the vertical elongation. 

Cf. Schizodus sp. indet. 

Plate XXIV, figure 8. 

A small schizodiform shell from the Chapman sandstone of Edmunds Hill is represented by 
a sculpture cast of a right valve 23 miUimeters high and 2(f millimeters long. The umbones 
are at or in advance of the anterior third, are depressed to the hinge line, and are directed 
vertically or faintly prosogyrate. The forward end of the shell is high but short; the ventral 
margin is gently curved; the anterior and basal margins from beak to respu-atory angle form a 
rather regular arch slightly deeper than a semicircle. The posterior margin is convex, retrorse, 
and equal in length to the hinge line, which descends backward from the beaks. The umbonal 
carination is very faint. The depth of the single valve is about one-fourth its height. 

LocaUty: Chapman sandstone, west side of Edmimds Hill locality 1099 M), Chapman 
Township, Aroostook County, Maine. 

U. S. National Museum, catalogue No. 59824. 

Order TELEODESMACEA. 

Superfamily ASTARTACEA. 

Fandly ASTARTIDiG D'Orbigny. 
Genus CYPBICABDELLA HaU (MICBODON Coxirad), 186&-1868. 

The genus Microdon was founded by Conrad in 1842 for the well-known Microdon (Cypri- 
cardeHa) bettastriata^ Conrad, from the Hamilton formation of New York. Conrad's original 
diagnosis ^ of the genus is as follows: 

Shell bivalve, equivalve; hinge with a slender oblique tooth in the left valve. The genera of many of the bivalves 
of the Paleozoic rocks are very little known. Casts of the hinge and teeth are rare, and the external form, though it 

1 Miller, S. A., Description of a new genus and eleven new species of fossils, with remarks upon others well known from the Cincinnati group: 
Clndnnatl Soc. Nat. Hist. Jour., vol. 1, p. 105, pi. 3, fig. 11, 1878; in North American geology and paleontology, p. 462, fig. 774, 1889. 

* Kayser, Emanuel, Ueber einige neue Zweischaler des rheinischen Taunusquarxits: K. preuss. geol. Landesanstalt Jahrb. 1884, p., 18, pi. 2, 
fig. 3. 1885. 

* The spelling of the specific name belUutriata as here given is according to the author's usage. In the following pages the correct form bem»- 
trjote will be used. 

« Conrad, T. A., Observations on the Silurian and Devonian systems of the United States, with descriptions of new organic remains: Acad. 
Kat ScL Philadelphia Jour., vol. 8, p. 247, pi. 13, fig. 12 (shows only external form of Microdon belUuMata), 1842 (read Jan. 18, 1842). 
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sometimes may afford a clue to the generic relations of a bivalve, is often useless for that purpose. In the present 
instance a provisional generic name is given, because I can not refer the shell to any published genus; but I must 
acknowledge that the casts of the hinge and teeth which I have yet seen are not very clear or satisfactory. 

In 1851 McCoy ' proposed the generic name Anodontopsis for certain English fossils. His 
description of Anodontopsis follows: 

Synonym, Microdon? Conrad (not Agassiz nor Meigen). 

General character: Equivalve, inequilateral, compressed, general form rotundato-quadrate or subtrigoral; pos- 
terior side wide, round or obHquely subtnincate, anterior end slightly contracted in front of the beak; beaks small, 
prominent, nearer to the anterior tiian to the posterior end; hinge line shorter than the shell, with a posterior long, 
slender lateral tooth, or cartilage plate, extending just below it (double in the right valve), and another similar but 
shorter one in front of the beaki^; anterior and posterior muscular impressions simple, ovate, the latter longer and 
stronger than the anterior; occasionally a slight clavicular ridge extends from in front of the beak behind the anterior 
adductor impression, leaving a furrow in the cast; pallial impression entire (occasionally one small cardinal tooth beneath 
the beak); surface smooth or concentrically lined. 

Except in their small size and marine habits these little fossils resemble the recent Anodons, from which there 
being but two simple adductor impressions separatee them. They differ from Modiolopsis (or Cypricardites) in their 
rotundato-quadrate compressed form and the posterior adductor impression like the anterior one, and they have no 
trace of the byssiferous sinus so common in that group between the body of the shell and the anterior side; from 
Schizodus (Myaphoria), with which Prof. King seems to have blended them, they are distinguished by the long, 
slender posterior cartilage plate or lateral tooth, a little below the hinge line. Except in form they are identical 
with Clidophorus, and should be considered but as a subgenus thereof, distinguished from those long narrow t3rpe8 by 
their broad, rounded or oblique axlike form, more prominent beaks, and lees marked clavicular ridge. From the 
figure of Microdon hellistria[ta\ (Conrad),*! should have imagined it belonged to the present genus, but his description 
of the hinge renders it probable that this genus is different, and I accordingly give a description of my own clear types; 
besides which the name Microdon wajs applied long previously to a genus of fish and one of insects. 

McCoy included five heteromorphous species in his genus Anodontopsis. All are from the 
Upper Ludlow and Tilestone faunas of Britain. The genotype, Anodontopsis aTigustifrona 
McCoy, resembles Microdon or Cypricardella but differs in having the cardinal line ascending 
rather strongly, giving the shell the outline of the Cyrtodonta-Cypricardites groups. The 
second species, Anodontopsis huHa McCoy, is a circular shell which would now be placed probably 
in the genus Paracyclas Hall, or possibly in Cycloconcha Miller. The third species, Anodon- 
topsis laevis or PuUastra hevis Sowerby,* has apparently the expression of a typical **Microdon." 
The last two species, Anodontopsis quadratus McCoy and Anodontopsis securiformis McCoy, are 
schizodiform shells, and A. securiformis has been made the type of Salter's genus Pseudaxinus.' 

In Hall's original account* of the new well-known dwarfed fauna in the so-called '*sub- 
Carbonif erous " (Mississippian) limestones about Spergen Hill, Ind. (now known as the Spergen 
limestone), he described a new genus of little lamellibranchs under the name Cypricardella, as 
follows: 

Shell ovate or subelliptical and subquadrate (subequilateral), closed. Surface concentrically striated; hinge of 
right valve having two cardinal teeth; tlie anterior tooth directly beneath the beaks, somewhat strong, triangular, 
slightly directed backward [nearly vertical]; posterior tooth more slender and turned obliquely backward, very 
nearly horizontal, leaving a triangular pit which is probably occupied by a tooth in the other valve. Anterior car- 
dinal margin with a long, narrow groove, apparently for the reception of a slender projection of the other valve; poe- 
tenor side beveled from above, edge thin, ligament external, occupying a deep cavity; muscular impressions distinct, 
shallow, equal in size or very nearly equal; pallial impi^ession simple. 

Of the fom* species of Cypricardella here described by Hall, C. subeUiptica^ C. nucleata, 
C, oblonga, and C, plicaUij only the first three belong to Hall's genus. Figures of Cypricardella 
nucleata and of the genotype, Cypricardella suheUipticaj showing the hinge structiu'e of the 
latter, were given in the ** Geology of Iowa" in 1858.* No reference was made by Hall to 
Microdon Conrad, and it was not until 25 years later that Whitfield announced the identity 
of Cypricardella and Microdon. 

1 Annals and Mag. Nat. Hist.. 2d ser., vol. 7, pp. 53-54, IH.)1. Soo also Sedgwick, Adam, and McCoy, Frederick, British Paloosoic rocks and 
fossils, p. 270. 1852. 

sMurchison, R. I., The Silurian system, pi. 3, fig. la, 1S39. 

" Salter, J. W., Note on the fossils from the Budlelgli-Salterton pebble bed: Geol. Soc. London Quart. Jour., vol. 20, p. 298, 1864. 

* Hall, James, Description of new species of fossils from the ( arboniferous limestones of Indiana and Illinois: Albacy Inst. Trans., vol. 4, p. 17 
read Nov. 27. 1856. 

»Iowa Geol. Survey, vol. 1, pt. 2, pp. 663-«64, pi. Zi, figs. 10-12, 1858. 
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In 1869-70 Hall ^ used the name Microdon and described, besides Conrad's M. heUistriata, 
four new species — three (if. gregaria, M. tenuiatriata, M. complaruUus) from the Hamilton, 
Portage (Ithaca shale member), and Clhemung formations of New York and one ( Jf. reservatus) 
from the Mississippian of Ohio. 

In 1873 HaU^ figured the generic features of ''Microdon,'' showing a left valve of M. 
tenuistricUa Hall with the teeth and muscular markings, and a right valve of M. heUistriata 
exhibiting similar features. These are the first illustrations of the generic characters of the 
Devonian shells of the genus Microdon of Conrad. 

In 1877 Miller * called attention to the fact that Microdon was preoccupied by Agassiz 
(1833) for a genus of fish and ako by Mergen (1803) for a genus of insects. Miller rejected the 
name Microdon Conrad but did not propose any new name. In an appendix to Miller's work 
Hall * proposed a few new names for some that were preoccupied, among these being Eodon 
Hall, 1877, proposed for Microdon Conrad. 

In 1881 Oehlert*' described and figured a httle ''Microdon" from the Lower Devonian 
limestones of N^hou, Le Manche, Normandy, which he incorrectly identified with M. heUistricUa 
Conrad. Oehlert noticed the preoccupancy of Microdon Conrad, as indicated by Miller in 1877, 
but apparently overlooked the appendix to Miller's work, in which HaU had proposed the 
name Eodon, for he suggested the new generic name Microdonella for Conrad's genus. In view 
of the existence of Eodon Hall, 1877, Microdonella Oehlert, 1881, can have no value. 

In 1882, in the revised descriptions of the faimas of the Spergen limestone, Whitfield * 
introduced some "observations of the genera Microdon Conrad and Cypricardella and Eodon 
Hall." He figured ^ and redescribed the original Cypricardellas from Spergen Hill and also 
redescribed the genus and showed it to be identical with Microdon Conrad except that the 
Carboniferous Cypricardellas are much more gibbous than the compressed Hamilton Microdons, 
owing, Whitfield believed, to crushing of the Microdons in the shales, whereas the Carboniferous 
forms are preserved imcompressed in hmestones. 

That the difference in convexity between the ventricose Carboniferous Cypricardellas and 
the compressed Devonian Microdons is not structural but may be explainable, as suggested by 
Whitfield, is indicated by the fact that Oehlert's Microdonella heUisiriata as preserved in the 
Lower Devonian limestones of Normandy is very gibbous, whereas in the Ithaca member 
Microdon tenuistriata Hall and M. gregaria Hall occur in various stages of compression — the 
least-compressed forms being almost as strongly convex as the Carboniferous Cypricardellas, 
though they are apparently of the same species as the nearly flat specimens occurring in the 
surrounding arenaceous shales. 

While Whitfield was working on the Spergen fauna Hall was preparing a report on the 
same fauna, which appeared in 1883." In this report Hall redescribed the species of Cypricar- 
della, as well as the genus itself, and inserted Whitfield's plates of illustrations. He noted the 
similarity of the Spergen CJypricardellas to Microdon (whether following Whitfield or independ- 
ently is not indicated) but regarded the knowledge of the hinge of Microdon as too meager to 
warrant imiting the two genera. 

This opinion was stUl held by Hall in 1883,' when he figured Microdon (Microdonella) 
(Eodon) gregarius Hall, Jf. (M,) (E.) heUistriaius Conrad, M, (if.) (E.) tenuistriatua Hall, and 
M, (M.) (E.) complaruUus, from the Hamilton of New York; M. (M.) (E.) gregarius Hall and 
jjf. (M.) (E,) heUistriatus Conrad, from the Chemung; and if. (if.) (E.) reservatus HaU, from the 

1 Preliminary notice of the lamellibranchiate shells of the Upper Hdderberg, Hamilton, and Chemung groups, pt. 2, pp. 30-33, 1870. 
< Hall, New York State Mus. of Nat. Hist. Twenty-third Ann. Kept., pi. 14, figs. 7 and 8, 1873. 
I Miller, S. A., North American Paleozoic fossils, 1st ed., p. 194, 1877. 

* Idem, pp. 243-245. 

* Oehlert, D. P., Documents pour servir & I'^tude des faunes d^voniennes dans I'ouest de la France: Soc. g^l. France M^m., 3d ser., toI. 2, 
pp. 28, 27, pi. 4, flgs. 4-4b, 1881. 

* Whitfidd, R. P., On the fauna of the Lower Carboniferous limestone of 8i>ergen Hill, Indiana, with a revision of the descriptions of its fossils 
hitherto published and illustrations of the species from the original types: Am. Mus. Nat. Hist. Bull., yol. 1, No. 3, pp. 63 et seq., pL 7, Oct. 20, 1882. 

7 Idem, pi. 23. 

> Indiana Dept. Geology and Nat. Hist. Twelfth Anp. Kept., pp. 31ft-375, 18S3. 

* Paleontology of New York, vol. 5, pt. 1, preliminary edition of plates, pb. 73, 74, 1883. 
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Mississippian of Ohio. As he made no mention of Cypricardella, it is quite apparent that he 
still considered the Devonian large compressed Microdons distinct from the Carboniferous small 
gibbous Cypricardellas. 

Hall abandoned this opinion two years later,^ however, and united Microdon Conrad 
(Eodon Hall, 1877; Microdonella Oehlert, 1881), and Cypricardella HaU, 1856, describing the 
New York Devonian species and the Mississippian species ateady cited and, in addition, a 
new species, Microdon {Cypricardella) major Hall, from the ^^Comiferous" of Ohio, the first 
species occurring in America below the Hamilton. 

After Whitfield's work on the Spergen fauna De Koninck,' in his monograph on the 
lamellibranchs of the Belgian Carboniferous limestones, recognized Microdon Conrad as a syn- 
onym of Cypricardella. He states, apparently through inadvertence, that the name Cypricar- 
della had been proposed by Hall to replace Microdon Conrad because the latter name had been 
preoccupied. Such, of course, was not the real state of aflFairs. De Koninck described 15 
species of Cypricardella from Stages II and III (Vis6an), and showed the hinge structure of 
several of them. 

As a result of the work of Whitfield, Hall, and De Koninck, Microdon has been abandoned 
and Cypricardella, originaQy proposed for Carboniferous shells, has come into general use for 
the Devonian shells also. In 1895 appeared Beushausen's work on the lameUibranchs of the 
Rhenish Lower Devonian,' in which he described nine species of typical Microdon Conrad as 
Cypricardella and elucidated the hinge structure of several of these species. 

The fine illustrations of Hall and of Beushausen show that the Devonian Microdons are 
not distinguishable by any definite characters from Cypricardella, although the facts that the 
Devonian Microdon is large and compressed, while the Carboniferous Cypricardella is ventricose 
and smaller, as aheady explained, and that Microdon seems to be thinner shelled, suggest a 
doubt as to their positive identity. The doubt is augmented by the fact that the Carboniferous 
species, instead of being larger than the more primitive Devonian Microdons, are in both Europe 
and America invariably smaller. Moreover, continuing into the Pennsylvanian and Permian, 
the small Cypricardellas lose the umbonal carination and become evenly rounded and trigonal, 
as in Astarte, and the teeth become stronger, also as in Astarte. Cypricardella is evidently a 
forerunner of Astarte and toward the close of the Paleozoic becomes hardly distingmshable 
from it; but "Microdon*' seems not at all related to this group. However, the positive char- 
acters of the Devonian Microdon and the typical Carboniferous Cypricardella do not indicate 
any substantial generic differences. 

On the assumption, therefore, that the Devonian forms of the type of Conrad's Microdon 
and the Carboniferous forms called Cypricardella by Hall are generically the same the genus 
may be described as follows: 

Bivalve, equivalve, closed throughout. 

OutUne in general rotundo-quadrate, with the length greater than the height but less 
than twice the height. Umbones depressed, not extending appreciably beyond the cardinal 
hne, prosogyrate, situated anterior to the middle and separated from the narrower rounded 
anterior end by a concave lunule. The cardinal line is distinct; nearly horizontal, sometimes 
decUning, rarely slightly ascending; shorter than the length of the shell; slightly convex or 
nearly straight. The postcardinal extremity is roimded subangular. The posterior margin is 
sUghtly retrorse or nearly vertical; rounded, convex. The ventral margin is always rounded, 
convex, and without any insinuation or flattening; it curves into the anterior end, which is 
always distinct, narrower than the body, and separated by a concave lunule from the beaks. 
The shells are compressed, biconvex, but when occurring in Umestone are generally more deeply 
convex. A low and persistent though undefined umbonal ridge is more or less conspicuous, 
though never angular; it is also never sigmoid nor concave, being generally nearly straight or 
a little arched convex; it is absent in a few late Paleozoic species and in some individuals of 

» Paleontology of New York, vol. 5, pt. 1, 1885. 

> De Koninck, L. G., Faune du calcaire corbonlf^re de la Belglque, vol. 3, pt. 5, pp. 91-98, lHg5. 

s Die Lamellibranchlaten des rheinischen Devon: K. preuss. geol. Landesanstalt Abb., new ser., vol. 17, pp. 134-146, 1S95. 
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earlier species. The surface is depressed convex both below the umbones and posterior to the 
cannation; there is no insinuation or flattening comparable with that in the modiomorphoids. 

The lunule * is occupied by a pronounced lunette. Posteriorly there is a long, deep, but 
narrow escutcheon, the shape of which almost makes the ligament appear, in isolated yalyes, 
to be internal. 

Hinge plate very thin, especially in the early species. In the right valve, just under the 
tip of the beak and at the end of the lunette, there is a small, short, narrow radial fold or tooth, 
sometimes hardly discernible. This tooth is nearly but not quite vertical, inclining a trifle 
posteriorly from the beak. Just back of it is a much larger triangular socket for the reception 
of the lai^e cardinal tooth of the left valve; this triangular socket, the direction of which is 
nearly horizontal, subtends at the tip an angle not exceeding 45° and generally much less. 
Above the socket, in the right valve, there is a long, narrow cardinal tooth, which is approxi- 
mately horizontal or very slightly ascending, and which, though long in proportion to its width, 
extends but slightly beyond the beak.^ There are no posterior laterals. In the left valve the 
most conspicuous feature is the large, triangular, nearly horizontal tooth, fitting into the tri- 
angular socket of the right valve. Just m front of it is a small depression for the reception of 
the minute anterior tooth of the right valve, and just back of it is a sUt for the reception of the 
second or longer narrow tooth of the right valve. The dental structure may be summarized 
as two narrow radial folds or cardinal teeth in the right valve inclosing a triangular cavity for 
the reception of the single large triangular cardinal of the left valve, which is preceded and 
followed by a minute cavity for the reception of the teeth of the right. 

The adductor muscular scars are equal or nearly equal in size, shallow, and very feebly 
impressed; pedal scars nondiscernible. The posterior scar is very near the postcardinal extrem- 
ity; the anterior scar is at a distance from the beak and begins at the anterior end of the lunule. 
Pallial line simple, entire. Shell structure imknown. 

Surface smooth or with concentric lines of growth commonly bellistriate, but not concen- 
trically plicose or wrinkled, and without radial markings. Size small to medium. The largest 
species ((7. major Hall) is 72 millimeters long and 48 millimeters high, but commonly the size 
does not exceed half these dimensions, and in the Carboniferous forms the shells are much smaller. 

The geologic range is from the Upper Ludlow Gate Silurian) through the Permian. Most 
abundant in the Siegen and Lower Coblenzian graywackes in the Rhenish Lower Devonian; 
in the Meso-Devonian Hamilton and Portage (Ithaca shale number) formations of New York; 
in the Mississippian Spergen limestone, and in the Visfian. The later forms tend toward Astarte 
by the strengthening of the tooth and the rounding of the postcardinal extremity and cardinal 
line, and by the consequent loss of their quadrate outline, with assumption of the trigonal or 
astartiform outline. 

The relation of Cypricardella (Microdon Conrad) Hall, 1856-1858, to Anodontopsis McCoy, 
1851, is difficult to determine because illustrations of the hinge structure of Anodontopsis are 
lacking. The most striking feature in Anodontopsis is the supposed occurrence of a posterior 
long, slender lateral tooth just below the hinge, apparently double in the right valve, whereas 
in Microdon no laterals exist. McCoy stated definitely that these supposed posterior laterals 
might be only an external ligament groove or cartilage plate (escutcheon), and, as some figures 
of the Microdons' show similar appearances, it seems probable that, as McCoy believed, the 
supposed posterior laterals are indications of a deep, long escutcheon, as in Microdon. Of the 
five species of Anodontopsis McCoy, all except Anodontopsis angustifrons McCoy, the genotype, 
may be eliminated from consideration. In this shell, as has been stated, the cardinal line 

1 The terms "lunule" and "lunette," though often used indiscriminately, indicate distinct features. The lunule is the general concavity of 
the dorsal margin immediately in front of the beaks In most lamellibranchs; the term "lunette" is applied to an excavation in the lunule for the 
reception of the forward ligament. 

s Wheelton Hind (British Carboniferous LamelUbranchiata, vol. 1, p. 347, London Paleontogr. Soc., 1899) regards this hindmost tooth as 
a iXHterior lateral, and hence describes Cypricardella as having i)osterior laterals. 

* See especially Krantz, A., Ueber ein neues bei Menzenbwgaufgeschlossenes Petrefakten-Lager in den Devonischen Schlchten: Naturh. Verein 
preuss. Rheinl&nde Verb., vol. 14, p. 162, pi. 11, fig. 1 ( Tellina bkosttUa Krantz), 1857. This is a Microdon (Cypricardella), as was recognized by 
Beushausen (op. cit., pp. 137-138); see also Beushausen's figures of Cypricardella elongata Beushausen and C. unUmiformia (Sandberger) (idem, pi. 
11, figs. 14b, 19b). These figures illustrate very well a feature that might, though occurring in typical Microdon, be easily mistaken for the appear- 
ance of two posterior laterals in the right valve. 
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ascends posteriorly and thus gives the shell the superficial aspect of a compressed Cyrtodonta 
or Cypricardites, or of a modiolopsoid ; but the species is readily distinguished from the modio- 
lopsoids by its convexly rounded, noninsinuated basal margin and by its distin^^t rounded 
narrow anterior end, separated by a lunule from the beak; it also has an umbonal undefined 
ridge. In these three respects A. angustifrons very closely resembles Cypricardella (Microdon), 
differing apparently only in having the cardinal line somewhat more strongly ascending. Among 
the typical Cypricarddlas, however, some forms have a markedly ascending cardinal line; 
among these are Microdon (Cypricardella) major Hall,* from limestones of the age of the '*Cor- 
niferous" at Delaware, Ohio, and M. (C.) complanata Hall,' from the higher arenaceous beds 
of the Hamilton of eastern New York. Moreover, the great variability in the direction of the 
cardinal line in the same species of Microdon (Cypricardella) — ^for instance, in M. (C.) beUis' 
triata Conrad, in which the cardinal line is descending in some species ' and sUghtly ascending 
in others* — suggests that McCoy's Anodontopsis angusHfrons as represented in his plate 1, K, 
figure 14, is a cypricardelloid shell. If by its internal features this species can be shown to be 
congeneric with the coterie of shells associated, about Microdon beUistriaia Conrad, then the 
name Anodontopsis McCoy will have precedence over Cypricardella Hall or any of the other 
known names used in substitution for the preoccupied Microdon Conrad. From present knowl- 
edge (or rather lack of knowledge of McCoy's type species, however, I can not definitely con- 
sider it congeneric with the Microdons; indeed, McCoy's description of Anodontopsis and A. 
angustifrons indicates that the posterior muscular impression is longer and stronger than the 
anterior, whereas in Cypricardella (Microdon) the muscular scars are approximately equal in 
size and the posterior scar is weaker than the anterior. McCoy's statement may be taken with 
some reservation, for in dimyarian shells, such as the Anodontopsis forms seem to be, to have 
the posterior scar stronger than the anterior would indeed be anomalous. Again, McCoy states 
that in Anodontopsis there is ^'occasionally one small cardinal tooth beneath the beak." In 
Microdon (Cypricardella)' there are two cardinal teeth in the right valve and one in the left. 

I feel justified, therefore, in stating that knowledge of the structure of Anodontopsis McCoy 
and the genotype A. angustifrons McCoy is insufficient to warrant uniting these forms with 
Microdon Conrad and substituting McCoy's name for the preoccupied Microdon, and that, so 
far as I am acquainted with McCoy's fossils through his published descriptions, his shell is not 
congeneric with Microdon Conrad (Cypricardella). The name Cypricardella will, therefore, 

be retained. 

Cypricardella bellatula sp. nov. 

Plate XXI, figure 1. 

An interesting quadrate, complanate, minute Cypricardella is represented by several speci- 
mens from Presque Isle Stream Gocality 1099 A), where it appears to bo fairly common. 

Form subrhomboidal; length about one and three-eighths times the height, the ratio of 
length and height varying from 4:3 to 3:2; greatest length near the midheight; greatest height 
between the anterior and posterior third. The umbones are depressed, reaching the cardinal 
line but not extending beyond, incurved, directed strongly forward. The beaks are generally 
situated at the anterior fourth (varying between the anterior fifth and two-sevenths in different 
specimens). The cardinal line is horizontal, perceptibly arched, length about seven-eighths 
the height of the shell. The cardinal extremity is obtusely subangular, distinct, rarely broadly 
roimded, and is situated at or near the posterior tenth of the length of the shell. The posterior 
margin forms an evenly rounded convex curve, slighth'- retrorse above and curving forward in 
the lower part, so that the most posterior point is near the midheight. The ventral margin is 
convex throughout; the postventral angle is obtusely rounded; the ventral margin for the 
posterior two-thirds of its length is gently arcuate, almost horizontal, but curves strongly 

> Paleontology of New York, vol. 5, pt. 1, p. 307, pi. 42, fig. 21, 1.S85. 

> Idem, p. 311, pi. 42, fig. 22; pi. 74, fig. IG. 
s Idem, pi. 73, figs. 10, 13; pi. 74, fig. 8. 

< Idem, pi. 73, figs. 15, 10. Compare the variability of this feature in M. {€.) gregaria and M. (C.) tenuistriaUa as figured by Hall. 
^ The figures of the dentition of Microdon given by Hall are imperfect and do not indicate the conditions normally found in these shells; In 
this respect Beushausen's figures and descriptions are much more satisfactory. 
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forward and upward into the anterior end. The extreme lowest point is apparently just in 
front of the midlength. The anterior end is prominent and rounded; it extends three-fourths 
the height of the shell and one-fourth the length, and is separated from the umbo by a short, 
well-marked lunule. The most anterior point is near or slightly above the midheight. The 
shells are compressed convex throughout and are marked by a conspicuous though undefined 
umbonal ridge, which is pronounced for two-thirds of the length from the umbo to the post- 
ventral angle and is less developed below; it is directed in a very slightly convex arch extending 
in a general direction of approximately 45° from the vertical. The sm^ace is depressed convex, 
almost flat, from the ridge forward to below the beaks, and is more convex anteriorly. The 
greatest depth of the valve is a short distance below and back of the beak, on the umbonal 
ridge, at one-third the height below the cardinal line and just back of the midlength; the line 
from this point to the beak makes an angle of 40° or less with the length of the shell. The 
depth is about one-fifth or one^ixth the height. Shell structure unknown. Internal and 
external molds are generally rather glossy. A short distance below the cardinal line and 
parallel to it is a long, faintly impressed line, usually foimd in Microdon (Cypricardella), indi- 
cating and resembling the inner edge of the escutcheon. Teeth unknown. An oval anterior 
adductor scar of medium size is very faintly impressed. It is separated by its length from the 
beak. No pedal or posterior muscular scars are discernible, except that there is a faint indi- 
cation of an oval posterior scar, hardly distinguishable, at the cardinal extremity; it is appar- 
ently only very slightly if at all larger than the anterior scar. The mark is too obscure to 
consider it as definitely indicating a muscular scar. 

Internal and external molds are nearly smooth but are marked by obsolescent, very fine 
lines of growth. In the single external mold observed, there are about three somewhat stronger 
lines of growth or varices in the older half of the shell. 

The average-sized specimens are about 1.5 millimeters thick (in single valves). The 
smallest specimen was 7.5 millimeters high and about 10 millimeters long; the largest 8.66 
millimeters high and 13 millimeters long. 

This is the oldest known typical Microdon, with the possible exception of PvJlastra laevis 
Sowerby, from the Tiles tone fauna, which has been regarded as a Microdon (Cypricardella) on 
account of its outline, depressed convexity, umbonal ridge, and general expression. Sowerby's 
form may, however, be a shell with slightly concave or insinuated ventral margin; if so it may 
prove to be Modiomorpha rather than Cypricardella. The small size of the Chapman shell is 
interesting in connection with its age. Besides being the smallest Cypricardella known below 
the Carboniferous, this species is characterized by its quadrate outUne, with length If times 
the height; short, horizontal, arched hinge line equal in length to only seven-eighths the height 
of the shell; strongly arched posterior margin with posterior extremity at the midheight; 
ventral margin nearly horizontal for the posterior two-thirds of its length and arching upward 
and forward into the anterior end; well-developed anterior end extending three-fourths the 
height of the shell and one-fourth the length; depressed convexity; well-marked umbonal ridge, 
directed at approximately 45° to the length and height; nearly smooth surface with very faint 
lines of growth and a few stronger varix-Uke lines in the earlier portion of the shell. 

Locality: Chapman sandstone, Presque Isle stream, at end of Tweedy road (locality 1099 A), 
Chapman Township, Aroostook County, Maine. 

U. S. National Museiun, catalogue No. 59825. 

Comparisons. — Cypricardella heUatvla belongs to the group of quadrate smooth, compressed 
Cypricardellas including, in the Devonian faunas, Cypricardella gregaria Hall,* Cypricardella 
tenuistriata Kayser* (not Hall), Cypricardella carta Beushausen,' and C. subovaia Beushausen.^ 
Cypricardella heUatvla is, however, smaller than any of the species indicated. 

1 Hall, James, Paleontology of New York, vol. 5, pt. 1, p. 309, pi. 73, figs. 1-6; pi. 74, figs. 1-4, 1885; Middle and Upper Devonian. 

*Kayaer, Emanuel, 8ur une famie du sommet de la s^rie rh^nane & Pepinster, Go6 et Tilfl [Belgiimi]: Soc. gtol. Belgiqne Annales, vol. 
23, p. 109, pL 1, figs. 10, 11, 1896; Lower Devonian. 

■Beoshausen, Louis, Die Lamelllbrancliiaten des rheinischen Devon: K. preuss. geol. Landeaanstalt Abh., new ser., vol. 17, p. 144, pi. 12» 
figs. 7-11, 1805; Lower Eo-Devonian. 

«Idan» p. 145, pL 12, figs. 16, 17; Lower Eo-Devonian. 
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From the Belgian upper Eo-Devonian CypricardeUa tenuistriata of Kayser (not Hall) the 
Chapman shell is distinguished by its slightly smaller size and by having the posterior margin 
more strongly rounded, with the most posterior point at the midheight, whereas in Kayser's 
form the most posterior point is at the base. 

Compared with C, curia Beushausen (the undistorted form),* CypricardeUa beUatula has 
the ventral margin more nearly horizontal in the posterior two-thirds of its length, and not 
bellied down in so strong an arch as in (7. curia. In Beushausen's species also the height is a 
trifle more nearly equal to the length than in C. beUatuJa. 

Compared with O. subovata Beushausen, C. beUatula has the posterior margin less truncated 
and more arched. In C. subovata the most posterior point is near the base instead of the middle, 
the ventral margin is more strongly bellied down, and the ornamentation is more pronouncedly 
bellistriate. 

C, beUatula is easily distinguished from CypricardeUa gregaria Hall by its proportionately 

higher anterior end. In C gregaria, also, the posterior extremity is usually nearer the base 

than in (7. beUatula, the ventral margin is commonly more strongly beUied down, and the shell 

is larger than C. beUatula and generally proportionately longer. Hall * represents a little C, 

^egaria from the Ithaca shale member of the Portage formation at Cortland, N. Y., which is 

remarkably similar to the Chapman fossils, but is slightly larger and has the anterior end not 

so high. 

Cypricardella rotundata sp. nov. 

Plate XXI, figures 14, 15; Plate XIX, figure 25. 

"71884. cf. young (?) of SchizodtLS orMcularia, Walcott, U. S. Geol. Survey Mon. 8, p. 181, pi. 5, fig. 8a (not fig. 8). 
Lower Devonian: Atrypa Peak, Eureka district, Nev. 

An interesting cypricardelloid shell found at Edmunds Hill (locality 1099 M) is character- 
ized by evenly though gently inflated, nondepressed convexity over the body of the shell, 
absence of any conspicuous umbonal ridge, and subcircular outline. 

Length 24 millimeters, between one and one-fourth and one and one-fifth times the height 
(19.5 millimeters) ; greatest height at the midlength; greatest length below the middle and one- 
third or more of the height above the base. Umbones small, not extending above the cardinal 
line; prosogyrate; beaks at the anterior fourth. Cardinal line slightly convex, nearly horizon- 
tal or declining slightly; equal in length to two-thirds the height of the shell. Highest point 
of the shell opposite the midlength. Cardinal extremity distinct, obtusely subangular. Poster- 
ior margin retrorse, extending nearly straight for a distance equal in length to the length of the 
cardinal Une and passing into the postventral angle. Most posterior point of the shell at this 
angle, one-fourth the height above the base. The ventral margin is strongly bellied down in a 
rather deep, evenly convex arch, so that the lowest point at the midlength is about one-fourth 
the height of the shell below the respiratory (postventral) angle. The ventral mai*gin arches 
gradually but strongly upward into the evenly roimded anterior end, which includes one-fourth 
the length of the shell and two-thirds or more of the height and which is separated from the 
umbo by a small, shallow lunule. 

There is no conspicuous or discernible umbonal ridge, but from the position where it 
ought to be the surface inclines posteriorly in a depressed-convex though rather steep slope to 
the cardinal line and posterior margin. . Anteriorly the surface is evenly though gently inflated 
convex, nowhere flattened, nor does the degree of convexity change appreciably up to the 
anterior and ventral margins. The point of maximum depth of the single left valve known is 
a trifle above and in advance of the middle. The depth (3.5 millimeters) is equal to 0.18 the 
height and about one-seventh the length. Hinge and muscular features unknown. 

The internal mold is smooth, devoid of any ornamentation, and very duU, not glossy. 

Size: Length 24 millimeters, height 19.5 miUimeters, depth of left valve (internal mold) 
3.5 milUmeters. 



t Beushausen, Louis, Die LamelUbranchiaten des rheinischen Devon: K. preuss. geol. Landesanstalt Abh., new ser., voL 17, p. 144, pL 12, 
figs. 7, 8. 

>Hall, James, op. clt., 74, fig. 1. 
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The distinguishing features of the species are its fairly large size (it is much lai^er than 
the similarly inflated Carboniferous species); inflated, noncomplanate convexity; indefinability 
of any umbonal ridge; very strongly bellied-down ventral margin, giving the shell a subcircular 
outline; length between li and 1^ times the height; cardinal line horizontal or very slightly 
declining, and equal in length to two-thirds the height of the shell; and retrorse, nearly straight 
posterior margin with most posterior point at the respiratory angle. 

Locality: Chapman sandstone, west side of Edmunds Hill, Chapman Township, Aroostook 
County, Maine. 

U. S. National Museum, catalogue No. 59827. 

Comparisons. — In the inconspicuousn^s of the umbonal ridge and in the rounded surface 
with strongly arched ventral margin, the Chapman fossil resembles the figures of CypricardeUa 
Tiartii Clarke,* a species from the Lower Coblenzian fauna of Rio Maecuru, Para, Brazil. The 
Brazilian fossil is transversely more elongated, not subcircular; the cardinal line is therefore 
proportionately much longer, and the shell is larger. C. rotundata may be easily distinguished 
from the Maecuru fossil by its more circular outUne. 

The outline recalls the group of small Cypricardellas, including C, carta Beushausen, 
(7. gregaria Hall, C, suhovata Beushausen, and C. heUatvla sp. nov., but these shells are com- 
planate and have a conspicuous umbonal ridge, whereas C. rotundata is evenly convex and has 
no discernible umbonal ridge. 

In the Lower Devonian of Atrypa Peak, in the Eureka district, Nev., occurs a small 
shell which is regarded by Walcott as possibly the young of his species Schizodus orbicularis, 
from the Lower Devonian of Lone Moimtain. From the figure alone this small shell can not 
readily be distinguished from the Chapman fossil, though Walcott^s shell seems to have 
the imibonal ridge slightly more pronounced and the anterior end slightly shorter than in 
C. rotundata. 

In the Belgian Carboniferous occur many Cypricardellas — particularly CypricardeUa 
cantraineana (De Ryckholt)* and C. paraUela (Phillips), ^ both from the Visfian — which partake 
of the evenly convex or inflated character of the body of the shell, the inconspicuousness of the 
umbonal ridge, and nearly subcircular outline of C, rotundata.- The Belgian fossils referred to, 
if they really belong to CypricardeUa, which is uncertain, are all much smaller shells, with 
umbones situated farther forward and more tumid, and with a less directly demarcated post- 
umbonal slope. 

C. rotundata occurs in a hard, coarse-grained sandstone, and its convexity might perhaps 

be attributed to its noncompression in the rock; but the shell called in this paper CypricardeUa 

cf . C. bicostula (Krantz) is a complanate species and occurs in the same locaUty, in a very simUar 

kind of rock — possibly in the same stratum, though this is not known; so that the complana- 

tion of the one and the convexity of the other seem to represent anatomic and not accidental 

differences. 

Cypbicardella transversa sp. nov. 

Plate XXI, figure 8. 

This name is proposed for a cypricardeUoid sheU which resembles C. rotundata in the evenly 
inflated, noncomplanate body, but which is distinguished from that species by the transversely 
more elongated outUne. 

Length (33 millimeters) equal to one and one-half times the height (21.75 millimeters); 
greatest height at the midlength; greatest length one-third or two-fifths the height above the 
base. Umbones smaU, depressed, not extending above the cardinal line, prosogyrate; beaks at 
the anterior fifth. Cardinal Une not preserved in the type and only specimen but apparently 
decUning shghtly, somewhat arched, length about three-fourths the height of the sheU. Cardinal 
extremity obtusely rounded. Posterior margin retrorse, slightly arched, nearly straight as 

' Clarke, J. M., The Paleozoic foiinas of Para. Brazil, pt. 2, Devonian Mollusca: Mus. Nac. Rio de Janeiro Arch., vol. 10, pi. 7, figs. 1-3, 1899 
(author's English ed., p. 63, 1900). 

s De Koninck, L. O., Faune du calcaire carbonifire de la Belgique, vol. 3, pt. 5, p. 93, pi. 17, figs. 31-35, 1885. 
* Idem, p. 96, pi. 13, figs. 50-^1. 
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far as the respiratory angle for a distance about equal to the length of the cardinal line. The 
most posterior point is at the respiratory angle , which, on account of the strong arching of the 
ventral margin, is one-fourth the height above the base. Ventral margin bellied down, its 
posterior third making with the retrorse posterior mai^in a somewhat rounded right angle. 
. The lowest point of the shell is at the midlength. The ventral margin sweeps with a broad curve 
into the rounded anterior end, which includes one-fifth the length of the shell and about two- 
thirds the height. The forward extremity is at the midheight. The upper anterior margin 
immediately in front of the beak makes an angle of about 125^ with the cardinal line back of 
the beak. The umbonal ridge is broadly rounded, scarcely discernible. The posterior slope 
is very steep, roimded, depressed convex. Anterior to the region of the umbonal ridge the 
surface to the anterior and ventral margins is rounded convex, evenly inflated, noncomplanate. 
The point of greatest depth is at the midlength of the shell, slightly above the midheight. The 
depth is 5.2 miUimeters, or about one-fourth the height and about a sixth the length. The line 
from the point of maximum depth to the beak makes an angle of 45^ with the height and length 
of the shell. Hinge features unknown. Muscular markings not impressed. 

The specimen, an internal mold, or possibly sculpture cast, preserves traces of concentric, 
obsolescent lines or low, narrow undidations of growth, apparently very nearly as well developed 
on the posterior slope as on the body of the shell. 

Length 33 miUimeters, height 21.75 milUmeters, depth 5.2 milhmeters (single right valve). 

The distinguishing f eatiures of the species are the arched (slightly declining ?) cardinal line, 
ecjual in length to about three-fourths the height of the shell; the transverse outline with the 
length of the shell equal to one and one-half times the height; posterior margin retrorse; pos- 
terior extremity at the respiratory angle one-fourth the height above the base; basal margin 
bellied down in a strongly convex arch; anterior end including one-fifth the length of the shell; 
inflated, noncomplanate convexity, with rounded umbonal ridge; depth (each valve) equal 
to one-fourth the height and situated at the midlength a trifle above the midheight; concentric 
striation obsolescent. 

Locality: Chapman sandstone, Edmunds Hill, Chapman Township, Aroostook County, 
Maine. 

U. S. National Museum, catalogue No. 59828. 

Comparisons. — ^The fossil, especially in the lower half, bears a very strong resemblance to 
C. rotundata, from which the most important and almost the only distinction is the decidedly 
more transverse outline. The species is also very closely related to Anodontopsis ventricosa 
BiUings,* from the Gaspe limestone No. 8 of Indian Cove, Gaspe, Quebec; the two species corre- 
spond closely in size, outline, curvature, and ornamentation, but in Billings's species the '* height 
at the umbones [is] twelve Unes; depth of both valves, ten lines, *' which would make the depth 
of both valves five-sixths the height; whereas in CypricardeUa transversa the depth of both 
valves is hardly half the height. Anodontopsis ventricosa Bilhngs is therefore a much more 
gibbous sheU. Tb^ lunbones as figured by Billings are also more gibbous and inflated than in 

C. transversa. 

Cypricardella cf. C. BICOSTUI.A (Krantz). 

Plate XXI, figure 9. 

cf. 1857. Tellina hicostula. Krantz, Natiirh. Verein. preues. Rheinland Verh., vol. 14, p. 162, pi. 11, fig. 1. 
Siegen graywacke: Menzendorf, near Bonn, Gennany. 

1885. Curtonotus grebei. Kayser, K. preuss. geol. Landesanstalt Jahrb., 1884, p. 16, pi. 2, figs. 2, 2a. 
Taunus quartzite: Katzenloch, near Idar. 

1886. CvrUmotua torosus. Maurer, Fauna des rechterheinischen Unterdevon (Darmstadt), p. 16 (not seen). 

1895. Cypricardella bicostula. Beushausen, K. preuss. geol. Landesanstalt Abh., new ser., vol. 17, p. 137, pi. 11, figs. 5-9. 

Taunus quartzite: Katzenloch, near Idar; Strombeiger NeuhUtte. 

Siegen graywacke: Seifen, near Dierdorf; Menzenbeig, near Bonn. 
1904. Cypricardella bicostula. Drevermann, Palaeontographica, vol. 50, p. 243. 

Formations and localities same as cited by Beushausen, 1895. 



1 Billings, EDcBDab, PaleoEOic fossils of Canada, vol. 2, pt. 1, p. 65, figs. 24-25, 1874. Not the Schizodua ventrieonu ( Billings) of Clarke (New York 
State Mus. Mem. 9, p. 162, pL 23, llg. 10, 1008). 
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A transverse, complanate Cypricardella with strong concentric markings is represented 
by a large fragmentary external mold of a left valve from the west side of Edmunds Hill. The 
specimen is 16 millimeters or more high, and was probably 26 millimeters or more long. The 
ventral margin is beUied down at the posterior extremity but only slightly arched in the middle. 
The posterior margin is slightly convex and strongly retrorse, and has the posterior extremity at 
the respiratory angle, less than one-fourth the height above the base. The cardinal Hne is only 
shghtly, if at all, greater than the height of the shell. The umbonal ridge is broadly rounded 
and inconspicuous. The body of the shell is depressed convex, the posterior slope flattened. 
The surface markings consist of concentric, almost beUistriate lines of growth, with distant, 
slightly stronger varices beginning at about the midheight of the specimen. 

Locality: Chapman sandstone, west side of Edmunds Hill Gocahty 1099 M), Chapman 
Township, Aroostook County, Maine. 

U. S. National Museum, catalogue No. 59829. 

Comparisons. — In its large size, outline, and ornamentation the specimen is closely affihated 
with Ejrantz's species C, hicostvla; but the incompleteness of the single Chapman specimen 
makes identification with the German species doubtful. It is safe, however, to consider the 
fossil as a member of the group of lai^e transverse, complanate, semibellistriate forms, including 
C. unioniformis (Sandberger),* from the lowest Coblenzian of Singhofen; C. hicostula (Krantz),* 
a widespread species in the German lowest Devonian, the Taunus quartzite and Siegen gray- 
wacke; C. elongata Beushausen,' from the Siegen graywacke and Lower Coblenzian; and some 
forms of C. tenuistriata Hall,* from the Middle and Upper Devonian of New York. 

Snperfamily SOLENACEA Lamarck. 

Family SOLENIDiG Leach. 

Genus PALBOSOLEN HaU. 

The name Palaeosolen was proposed by Hall* in 1885 for the species Orthonota siliquoidea 
Hall, 1870, which he recognized as differing from typical species of Orthonota "in the regu- 
larly convex, cylindrical form of the entire shell, and the gaping posterior extremity." " 

Although in the description Hall gave Paleosolen subgeneric value, it was not as a subgenus 
of Orthonota but of Solen. No cardinal teeth have been observed in the original species, a 
negative character which would seem to throw it into closer relationship with the SolenopsidsB, 
of the Paleozoic, than with the SolenidsB, of Cretaceous to Recent time; another species of 
Paleosolen, however, seems to show teeth as in Solen. In general external form, also, Paleosolen 
much resembles the Recent representatives of Solen, which gape at both ends; McCoy's Solen- 
opsis gapes at the posterior end. Whatever may prove to be the true relationship between the 
Paleozoic and the Recent shells of this general form, it is evident that Paleosolen is not strictly 
a subsection of either Orthonota or Solen, but properly a separate genus of the Solenidae, a family 
of ancient geologic age ; it is therefore ancestrally related to the true Solens. 

In separating Paleosolen from Orthonota, Hall called attention to the doubt regarding the 
type of Conrad's genus Orthonota, stating that the first species mentioned by Conrad (0. pJioladis) 
'* is evidently not congeneric with 0. undukUa, which Mr. Conrad always regarded as the 
typical species of the genus." ' In his redefinition of the genus Orthonota, Hall adopted 
0. UTiduUUa as the type of the genus and cited 0. cariiiata as another example. Orthonota 
carinata and 0. ensiformis have sharply defined and angular posterior radial ribs or costae; in 
O. undidata, although it lacks the rigid ribs or costse, they are usually represented by faint radial 

1 Sandberger, Qaido and Fridolin, Verstelnenmgen des rheinischen Schichtensystams in Nassau, p. 253, pi. 27, fig. 3, 1850. See also Beusbansen, 
Loais, op. cit., p. 139, pi. 11, figs. 17-19. 

* Krantz, A., op. cit., p. 162, pL 11, fig. 1. See also Beoshaiisen, Louis, op. cit., p. 137, pi. 11, figs. 5-9. 

* Beoshwisen, Louis, K. preuss. geol. Landesanstalt Jahrb., 1888, p. 226, pi. 4, figs. 3, 4, 1889; K. preuss. geol. Landesanstalt Abb., new ser., voL 
17, p. 138, pi. 11, figs. 10-14, 1895. 

* Hall, James, Paleontology of New York, vol. 5, pt. 1, p. 310, pis. 42, 73, 74, 1885. 
» Idem, ftiac 2, p. 40. 

* Idem, p. 483. 
' Idem, p. 14. 
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furrows which are variable in number and strength. These furrows may, however, be lacking; 
indeed, suites of specimens of Orthonota undulata from the Hamilton formation at Sherburne 
and along Cayuga Lake, N. Y., contain mature sheUs that show no radial furrows. The absence 
of these characters alone, therefore, might not be regarded as generically separating O.siliquoidea 
and Paleosolen from the typical Orthonotas. 

In Paleosolen, however, there is, in addition to the posterior gape, a pronounced anterior 
gape, effected by the reflexion or flaring back of the forward portion of the shell. This* reflexion 
of the anterior margin wiU serve to distinguish Paleosolen from Orthonota. The character is 
developed in Paleosolen sUiquoidea, as was indicated by Hall, and also occurs in P. costcUus 
(Sandberger), from the Khenish Eo-Devonian. Examination of extensive suites of Orthonota 
undulata and 0. carinata has failed to furnish any positive evidence of gape at either end; more- 
over, these species, representing typical Orthonota, lack the reflected anterior margin of Paleo- 
solen. On the whole, I am inclined to consider Paleosolen as representing the primitive SolenidaB, 
whereas Orthonota and similar soleniform shells occurring in the older Paleozoic are, as sug- 
gested by Ulrich, of orthodesmoid-modiolopsoid afiUiations. 

In Orthonota undulata and 0. carinata the two valves are, when conjoined, commonly 
spread out flat; the valves are not closed. On the other hand, in the Chapman shells, although 
tiie ligament appears to have been very strong, the shells are usually fossilized, with the valves 
joined and closed. Paleosolen costaius (Sandberger) is also found jgenerally with both valves 
joined together and not spread open. In this habit of the species the Paleozoic Paleosolen, unlike 
Orthonota, conforms to the habit of the Recent Solens. Whether or not Paleosolen possesses 
the deeply insinuated pallial line of Solon is unknown. 

Paleosolen chapmani, described below, is the earliest solenoid known. The genus includes, 
in addition to this sheU, the following species: 

SoUn costaius. Sandberger, Die Versteinerungen des rheiiUBchen Schichtensystems in Naasau, p. 252, pi. 27, figs. 1-ld, 

1850-1856. Lowest Coblenzian, or Singhofen porphyroid, in Naasau; Wttrben Valley quartzite of Durrbeig, in 

the Altvater Mountains, Austrian Silesia. 
Paleosolen simplex. Maurer, Die Faima des rechtsrheinischen Unterdevon, p. 18, 1886. Lower Coblenzian near 

Ehrenbreitenstein and Winnigen. Also recorded from the fauna of the Moose River sandstone of Moosehead Lake, 

Somerset County, Maine (Clarke, New York State Mus. Bull. 107, p. 235, figs., 1907). 
Solenopsis belgica. Kayser, Sur une faune du sommet de la s6rie rh^nane h, Pepinster, Goe et Tilff: Soc. g6ol. Bel- 

gique M^m., vol. 22, p. 202, pi. 2, figs. 8-9, 1896. Upper Eo-Devonian of Pepinster, Belgium. 
Paleosolen eifeliensis. Beushausen, Die Lamellibranchiaten des rheinischen Devon: K. preuss. geol. Landesantalt 

Abh., newker., vol. 17, p. 225, pi. 18, figs. 11, 12, 1895. Upper Coblenzian of PrtUn, in the Eifel. 
Sanguinolitesf gracilis. Walcott, Paleontology of the Eureka district [Nevada]: U. S. Geol. Survey Mon. 8, p. 175, 

1884. Eo-Devonian limestone of the Eureka district, Nev., with S,f comhensis. 
Sanguinolitesf comhensis. Walcott, idem. 
Paleosolen sHiquoidea. Hall, Paleontology of New York, vol. 5, pt. 1, Lamellibranchiata II, p. 483, 1885. Hamilton 

(Meso^Devonian) of eastern New York. 
Paleosolen occidentalis. Miller and Gurley, New species of Paleozoic invertebrates from Illinois and other States: 

Illinois State Mus. Nat. Hist. Bull. 11, p. 16, pi. 2, figs. 13, 14, 1896. Chouteau limestone (Mississippian) near 

Sedalia, Mo. In the long escutcheon and deep lunette, as well as in the deeply impressed muscular scars, this 

shell seems to differ from the other Paleosolens. 

The genus Paleosolen has frequently been confused with Solenopsis McCoy * ( = Soleno- 
morpha ^) , but McCoy's genus includes Paleozoic solenoid shells in which the dorsal and ventral 
margins, instead of being parallel, as in the Solens, converge or taper posteriorly, the anterior 
end is neariy or quite closed, and the posterior end gapes only slightly. 

1 McCoy, Frederick, Synopsis of the characters of the Carboniferous limestone fossils of Ireland, p. 47. 1844. 

s It was first pointed out by T. D. A. Cockerell in 1903 (Nature, vol. C7, p. 559, Apr. 16. 1903) that the generic name Solenopsis McCoy, 1844, 
was preoccupied, having been applied by Westwood in 1S41 (.Vnnals and Mag. Nat. Hist., vol. 6, p. 8(>) to a well-known genus of ants. Cockerell 
suggested the substitution of Solenomorpha for Solenopsis McCoy. The generic name Solenella had been applied to one of the species of Solenopsis 
by De Ryckholtin 1847 (Melanges iMd<5ontoIoglques, pt. 1, pi. 11, fig. 17) and would take precedence over Solenomcnpha in supplanting Solenopsis 
were it not that Solenella was itself preoccupied for a diiTerent genus of lameilibranchs. Solenomorpha will therefore stand as the substituted name 
for McCoy's Solenopsis. Solenomorpha has been used by Wheelton Hind (Geol. Soc. London Quart. Jour., vol. 59, p. 334, 1903; Monograph of the 
British Carboniferous Lamellibranchiata, vol. 2, pt. 3, p. 159, 1904). 
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Paleosolen chapmani sp. nov. 

Plate XXIV, figures 1, 3, 5, and 7. 

cf. 1896. Soknopgis belgica. Kayser, Soc. g^ol. Belgique M6m., vol. 22, p. 202, pi. 2, figs. 8-9. 

Eo-Devonian (zone of Spiri/er daleiderms and S. subcuspidatus): Pepinstor, Belgium. 
1907. Palxo9olen simplex (not Maurer). Clarke, New York State Mus. Bull. 107, p. 235 (pare). 

[Lower Devonic]: Presque Isle Stream, Chapman Township, Aroostook County, Maine (not Moosehead Lake). 

Shells narrow, solenoid, with dorsal and ventral margins subparallel. Length in complete 
mature specimens (55 to 56 millimeters) about %\ times the height (8.5 to 10.25 millimeters) ; 
in younger, apparently complete specimens the length (16.5 millimeters) is less than 3i times 
the height (5 millimeters). The umbones are between the anterior eighth and ninth, very broad 
and inconspicuous, hardly extending to the cardinal line. The cardinal line is uninterrupted 
in front of and behind the beaks; it is horizontal, generally sUghtly convex, occasionally straight; 
the portion posterior to the beaks is equal in length to five or more times the height of the shell. 
The cardinal extremity is obtusely angular. The posterior margin is truncate, appreciably 
retrorse; it is generally slightly convex, occasionally nearly straight; the hindmost extremity 
is at the inferior third or fourth. In the lower portion the posterior margin is convex and ver- 
tical, forming a roimded right angle into the ventral margin. The ventral margin is horizontal 
and straight near the posterior end, also near the anterior end, but it is commonly broadly 
insinuated, producing an obscure concavity in the ventral outline. Young sheUs frequently 
lack the ventral concavity in the outline. Toward the front end the ventral margin ascends 
into the anterior extremity, which is well developed and equal in length to the height of the 
shell. 

The anterior end is conspicuously gaping and the extreme anterior edge is reflexed. In front 
of the beaks the dorsal margin extends forward, descending only slightly for a distance equal 
to four-fifths the height of the shell and including the major part of the length of the anterior 
end. Through this distance the dorsal margin is tightly shut, but, beginning at the forward 
end of this line, the anterior margin is abruptly deflected out of its plane, producing a wide 
gape which is increased toward the midheight of the anterior margin and below by the reflexed 
anterior surface of the shell. The amount of gape is greatest at the midheight and continues 
below and into the ventral margin, where the gape is continued to a point well behind the 
beaks. The ventral margins close gradually and over the concave portion seem to be shut. 
Posteriorly the specimens examined were not well preserved, but seem to indicate that the 
ventral margins again gradually separate and that the ventral gape gradually widens toward 
the rear; the posterior margin appears to be truncate and widely gaping, somewhat like the 
anterior margin, though no reflexion is apparent in the posterior margin. The dorsal margin 
is closed throughout. The thickness of both valves in conjunction is less than the height of 
the sheU, the proportion varying from 69:100 to 2:3. In some specimens the greatest thickness 
or depth is at the midheight, just behind the beaks; in others it appears to be on the rounded 
umbonal ridge much farther back and higher up, just in front of the midlength and in the upper 
third or fourth. Between these two points of greatest convexity the surface is depressed, 
almost flattened, and frequently slightly concave. The umbonal ridge is broadly convex and 
indistinct. Between it and the cardinal line, nearer the latter, there is a radial furrow or sinus, 
which does not quite reach the umbones. This sinus is variable in appearance and develop- 
ment, but is rarely entirely absent. Commonly it is distinct but shallow. Between the shallow 
posterior sinus and the ligamental platform there is a very low roimded ridge. An abruptly 
flattened external ( ?) ligamental strip extends along the cardinal line to the hinge extremities. 

Just behind the umbones there is a depression in the cardinal line which extends for a very 
short distance, not more than the height of the sheU and apparently less. This depression 
seems to be bounded below by a ridge or rounded septum. The structure probably corresponds 
to that of the ligamental escutcheon and internal ridge in the typical species of Recent Solen 
and Ensis. Beyond this excavated escutcheon the cardinal line is elevated, and both valves 
meet dorsally in a sharp edge. Below this cardinal edge there is a well-developed flattened 
strip which extends to the hinge extremities and which corresponds to a similar external strip 
in the Recent Solen and Ensis. 
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Dentition unknown. Not the slightest indication of muscular scars or pallial line is dis- 
covered in well-preserved fossils, and probably neither was impressed upon the shell. 

The surface ornamentation consists of very fine lines of growth parallel to the margin. 
Along the ventral margin these lines are fine, but in curving upward parallel to the dorsal 
margin some of them gradually become lamellose; in some shells the surface becomes con- 
centrically wrinkled posteriorly, but this wrinkling is never so persistent nor so well developed 
as in Orthonota UTidulata Hall. The postumbonal slope is variable in appearance, being marked 
generally by the fiine distant lamellae, less commonly by the very fine lines of growth, an occasional 
one of which may be slightly strengthened into a sort of varex ; very rarely the lines of growth 
may be accumulated into the low, rounded obsolescent wrinkles. The fine lamelUe are some- 
what similar to those of Solen (JPaleosolen) costatus Sandberger * but are never so even, so close, 
or nearly so well developed. The ornamentation is not interrupted nor constricted by the 
posterior sinus below the hinge line. On the extreme anterior end the fine lines of growtih are 
again generally strengthened, and this part of the shell, the extreme anterior margin, is either 
finely imbricose-lamellate, finely undulate, or, rarely, simply marked by fine concentric lines. 

The largest specimen is a fragment 10.25 millimeters high and 47 millimeters long. It is 
incomplete posteriorly, but originally it was probably more than 60 millimeters long. Speci- 
mens 8 or 9 millimeters high are common. The only complete specimen is 8.5 millimeters high 
and 56 millimeters long. 

Locality: Chapman sandstone, along Presque Isle Stream at end of Tweedy road Gocality 
1099 A), Chapman Township, Aroostook County, Maine. 

U. S. National Museum, catalogue No. 59830. 

Gomparisons. — In general outline and ornamentation PaUosolen chapmani resembles the 
German Eo-Devonian shell P. costatus (Sandberger), but the German shell differs from P. chap- 
rrumi in haviog a shorter anterior end, a less retrorse and less convex posterior margin, and a 
more regular, even imbricate posterior ornamentation, which changes abruptly from the surface 
ornamentation of the body of the shell. P. costatus also lacks the posterior radial sinus below 
the hinge and is a larger sheU than P. chapmani. 

Some few specimens of the Maine shell which are undulose or semi-imbricostate undulose 
posteriorly slightly resemble Orthonota undvlata, but that species is much more evenly undulose ; 
it also lacks the ventral sinus, and the change in its ornamentation posteriorly is much more 
abrupt. Finally, Orthonota undvlata docs not gape, like Paleosolen. 

Some young specimens of P. chapmani resemble the English Silurian shell Orthonota rigida 
(Sowerby),' but 0. rigida is much shorter, has a convex ventral margin and a double posterior 
sinus, and is more strongly marked anteriorly and in the middle and less strongly marked 
posteriorly; the character of the gape, if any gape is present, is unknown. 

The species most closely approaching P. chapmani is the Paleosolen from Pepinster, Bel- 
gium, described by Kayser * as Solenopsis bdgica. It is indeed difi&cult to define any really 
satisfactory characters by which to separate the two, owing to the incompleteness of the frag- 
ments described and figured by Kayser. The ornamentation is almost precisely similar and 
similarly variable; Kayser's figure 9 (the right valve) shows the radial posterior sinus as in 
P. chapmani, and in both species 4ihis seems to be sometimes a little stronger in the right valve 
than in the left. One important distinction lies in the fact that the posterior margin is much 
more retrorse in Paleosolen hdgica (Kayser) than in P. chapmnni; moreover, in the latter 
the posterior margin is convex, whereas in the Belgian fossil it seems to be slightly concave. In 
the Maine shell the ventral margin is generally obscurely concave; in P. belgica it appears to be 
straight. 

1 See Beush&usen, Louis, op. clt. 

* Salter, J. W., Paleontological appendix to John Phillips's memoir on the Malvern Hills: Geol. Survey Great Britain Hem., vol. 2, pt. L, p. 362, 
pi. 19, figs. 1, 2, 1848. The name Orthonota rigida Hall, 1885 (Paleontology of New York, vol. 5, pt. 1, p. 481, pi. 80, fig. ft, 1885), is therefore preoc- 
oupled, but the English Silurian and American Devonian shells may not be congeneric. 

* Kayser, Emanuel, Sur une f^une du soomiet de la s^rie rh^nane k Pepinster, Go6 et TilfT: Soc. g^l. Belgique Annales, vol. 22, p. 202, pi. 2, 
figs. 8, 0, 1896. This shell occurs in an Eo-Devonian fauna associated with Spiri/er tubcuspidatiu var. alatiu Kayser, S. daleidemit Stelninger, and 
ProducteUa subaeuUata Murchison and is apparently high Eo-Devonian. 
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As has been indioated, P. chapmani has certain features in common with Recent shells. 
In Solen siliqtui Linnaeus (Europe), Ensis americana Beck, Ensis ensis linnseus (Europe), and 
Erisis ffracilis Gray (Cape St. Lucas), in which the escutcheon and especially the external 
posterior flattened strip below the cardinal line are well developed, the escutcheon is a little 
longer than in Paleosolen cTuipmanL In the Recent shells the escutcheon is perceptibly greater 
in length than the height of the shell; in the Chapman fossil it is. hardly equal to the height. 
The external flattened strip extends all along the cardinal line to the hinge extremity in the 
Chapman fossil; in the Recent Solens and Enses named the strip expands in width toward the 
midlength, contracts posteriorly, and does not quite reach the hinge extremity. In the short 
escutcheon and long, well-developed posterior inf racardinal strip, and also in the ventral constric- 
tion or insinuation and consipcuous anterior end, P. chapmani confirms with the Recent 
Machaera, but of course the outline is different, being typically solenoid in the Maine fossil. 
Among the Recent Solens an anterior end is developed in only a few species, as S, amhiguus 
Lamarck (Guadeloupe, West Indies) and Solen gladiolus Gray (Panama) ; in these two species 
the ventral margin is insinuated and the anterior margin reflected as in Paleosolen chapmani, 
producing a very close resemblance generically to the Maine shell, which is, however, distin- 
guished by its different manner of gape. In Paleosolen chapmani the dorsal margins of the 
two valves meet in front of the umbo in a closed dorsal edge which includes most of the upper 
half of the anterior end. In the two Recent species just named the gape begins inmiediately 
at the beak. In all the Recent Solens the gape continues and includes most of the ventral edge 
of the valves, and the two valves do not meet ventrally except near the posterior end. In 
P. chapmani the two valves seem to meet ventrally only a short distance behind the umbones 
and to diverge again posteriorly. Most of the ventral margin, including all the middle portion, 
is apparently closed. In S. amhiguus and 8. gladiolus the flattened strip below the posterior 
dorsal edge is not perceptibly developed. 

Genua COaTAJaiA HaU. 

The following is Hall's description ^ of the genus Cimitaria, which was originally promul- 
gated in 1869:* 

Shell equivalve, extremely inequilateral, transversely elongate; form solenoid, falcate, or elongate-trapezoid. 
Anterior end short and rounded. Posterior end elongate, the extremity truncate. Beaks strongly incurved; umbones 
prominent. Cardinal line straight or concave. Umbonal slope angular and often strongly defined. 8ur&ce marked 
by strong concentric lines of growth, which are simple or lamellose, and by fine radiating striae, which may be more 
or less strongly marked or altogether obsolete; a more or less distinct depression or cincture extends from the umbones 
in a slightly posterior direction to the basal margin. The hinge is marked by a narrow, elongate ligamental groove, 
and anterior to the beaks is a strongly defined lunule. Ligament external. Teeth unknown. Muscular impressions 
and pallial line undetermined. The species placed under this genus are remarkable for their transversely elongate 
forms, the greater portion of which is posterior to the beaks. Some of the forms bear a resemblance to Orthonota, but 
the hinge line shows a distinct ligamental groove and the anterior margin is roimded, with a well-defined lunule. The 
species are closely allied to Pholadella, and when more forms become known it may prove convenient to unite the 
genera. In some important points the genus approaches Grammysia by the way of AUorisma. The marked external 
ligamental area and strong lunule are common to the three genera, while the surface markings have many points in 
common. In the absence of critical knowledge of the hinge structure, we are unprepared to make any more positive 
assertion r^arding this genus and its allied forms. 

Examples: Cimitana recurva (Conrad), pi. 77, figs. ^14, p. 467; Hamilton group. Cimitaria eUmgata (Conrad), 
pi. 77, figs. 5-8, p. 466; Hamilton group. Cimitaria corrugata (Conrad), pi. 77, figs. 1-4, p. 466; Hamilton group. 

A character of prime importance which was overlooked by HaU is the fact that the pos- 
terior extremity is strongly gaping, as may be observed in his figure 11 of Cimitaria recurva. 

The typical forms of Cimitaria constitute a well-known group of shells of the Middle and 
Upper Devonian of New York recognizable by their rather large size and characteristic trans- 
versely extended scimitar-like outline, length about three or more times the width; well-devel- 
oped umbonal ridge and concave posterior slope; umbones inflated, arching over the cardinal 
line, directed upward or nearly so, incurved, and nearly terminal. The broad ventral sinus, 

1 Hall, James, Paleontology of New York, vol. 5, pt. 1, fasc. 2, p. xlli, 1885. 

s Hall, James, Preliminary notioe of the lameUibmnchlate shells of the upper Helderbeig, Hamilton, and Chemung groups, pt. 2, p. 66, 
December, 1869. 



254 FAUNA OF THE CHAPMAN SANDSTONE OF MAINE. 

nearly vertical, but slightly oblique posteriorly, is a constant feature in these typical forms. 
Among the more diagnostic features are the strong anterior limule and lunette and long external 
posterior ligamental groove or escutcheon; the nonpreservation of muscular scars (internal 
molds are usually glossy except in very coarse sediments) ; and the gaping posterior extremity. 

An apparently typical recurved Cimitaria, which, however, is a little smaller than the New 
York Devonian shells, is the Leptodomus horealis of Tschemyschew and Jakowlew,* from the 
middle or late Silurian faunas of Cape Grebeni, on the island of Waigatsch, ofF the northeast 
coast of Russia. In its small size this SUurian species conforms with the supposed Eo-Devonian 
members of the genus Cimitaria. 

The typical Cimitarias, in their large size, scimitar-like outline, convexity, concentric, and 
granulose ornamentation (though the granules are very rarely observable), lunette and long 
escutcheon, and posterior gaping, resemble the genus Chsenomya Meek and Hayden,' 1864, of 
which the type is C. leavenwarihanus Meek and Hayden. Half a dozen or more species are 
known in the upper Mississippian to Permian strata of the Mssissippi Valley. Meek and 
Hayden also refer to Chsenomya a couple of Jurassic fossils from Europe. This genus differs 
from Cimitaria in having the posterior extremity reflected so as to produce a wider and more 
flaring gaping, whereas in Cimitaria the gaping is not produced by any conspicuous reflexion 
of the posterior margin and is much less pronoimced. The sinus present on the surface below 
the umbones in all the typical Cimitarias is absent in Chasnomya, where the body of the shell 
is evenly convex; the umbonal ridge is somewhat more strongly pronounced in Cimitaria. 
Finally, Chsenomya has a distinct pallial sinus (in the typical Pennsylvanian-Permian forms), 
and the hinge is edentulous. In Cimitaria the pallial line and hinge features are unknown. 

From the typical Cimitarias may be dissociated the apparently grammysioid, nongaping 
genus Pholadella Hall, which is marked by prominent raised, persistent radial lines or riblets. 
The allied genus Cercomyopsis Sandberger (= ?Physetomya Ulrich) resembles Cimitaria but is 
distinguished by having a comparatively large body and a smaller, acutely tapering posterior 
portion, the beaks not quite terminal, the surface marked by concentric undulations or ridges 
on the body crossed by tenuous radial or vertical striations, and the posterior slope smooth. 
Both Pholadella and Physetomya have already been referred to in the discussion of the genus 
Grammysia, to which they seem to be more closely related than to Cimitaria, to judge from 
existing incomplete evidence. A subgroup that may be separated from typical Cimitaria might 
be designated the group of Cimitariafchapmani sp. nov. It includes besides that species, which 
occurs in the Chapman sandstone of Maine, the following species : 

SanguinoliieB decipiens. McCoy, British Paleozoic rocks and fossils, p. 277, pi. 1, L, fig. 24, 1852. Upper Ludlow of 
Benson Knot, near Kendal, Westmoreland. 

Cimitaria hanteni. Clarke, The Devonian Mollusca of the State of Para, Brazil: Mus. nac. Rio de Janeiro Arch., vol. 
10, p. 60, pi. 8, figs. 18, 19, 1899 (author's English ed., 1900). Lower Coblenzian formation, Rio Maecuru, Para, 
Brazil. 

Pholadella parallela. Hall, Paleontology of New York, vol. 5, pt. 1, p. 470, pi. 78, figs. 22-24, 1885. Hamilton forma- 
tion throughout New York State. 

The Arctic Silurian C, horealis (Tschemyschew and Jakowlew) may also be included in 
this subgroup, and possibly Sphenotus eUsi Clarke* (pars), from the late Silurian (?) of Dal- 
housie, New Bnmswick, and Cimitaria elongata (Conrad),* from the Hamilton of New York. 
C. elongoM lacks the recurvature of typical Cimitaria and has prosogyrate beaks; it is also 
smaller than any of the typical Cimitarias though larger than any of the other members of the 
group of C. chapmani. 

The shells of this subgroup are easily distinguishable from the typical Cimitarias by their 
much smaller size. Their length does not exceed twice the width, and the umbones are proso- 
gyrate (directed forward). The lunette and long escutcheon are developed in Cimitaria f 
" -. _ 

1 Tschernyschew, T., and Jakowlew, N., Die Kalkstelnfauna des Cap Grebeni auf der Waigatsch-Insel und des Flosses Nechwatows auf Nowi^s 
Semlja: Ru5s.-k. min. Gesell. St. Petersburg Verb., vol. 36, p. G6, pi. 6, figs. 17-19, 1H99. 

2 Meek, F. B., and Hayden, F. V., Paleontology of the upper Missouri: Smithsonian Contr. No. 172, p. 42, 1864. 
• Clarke, J. M., New York State Mus. Bull. 107, p. 226, lower figures only. 1907. 

« Hall, James, Paleontology of New York, vol. 5, pt. 1, p. 466, pi. 77, figs. 5-8, 1885. 
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ehafmani and Sanguinolites dedpiens McCoy, and the former shows obscure indications of 
having been gaping posteriorly; these features have not been noted in the descriptions of the 
other species of this little group. As in Cimitaria, the muscular scars, pallial line, and denti- 
tion are imknown. There is a well-developed umbonal carina in all the species, and a wide, 
concave, almost smooth posterior slope. The body of the shell is inflated, with overarching 
umbones, and a sinus extends below the beaks in all the species except Oimitaria Jcarsteni Clarke, 
which is without sinus. The surface is marked by concentric strisB of growth, sometimes aggre- 
gated anteriorly into undulations and apparently granulose; these are usually less pronounced 
posteriorly. 

Although this little group ranges from the uppermost Silurian through the Lower Devonian 
to the Middle Devonian, typical large Cimitaria is probably confined to the Middle and Upper 
Devonian. 

The group of Oimitaria f cAajwiam recalls in many of its features the genus Cuneamya HaU 
but is distinguished from Cuneamya by the gaping posterior and superficially by the more dis- 
tinctly carinate umbonal ridge. 

Cimitaria ? chapmani sp. nov. 

Plate XXIV, figure 16. 

cf. 1852. Sanguinolites dedpiens, McCoy, British Paleozoic rocks and fossils, p. 277, pi. 1, L, fig. 24. 
Upper Ludlow: Benson Knot, near Kendal, Westmoreland. 

Length (22 millimeters) barely exceeding twice the height (10.5 millimeters); greatest height 
on the umbones at the anterior three-tenths; greatest length indefinitely below the middle and 
probably nearer the basal margin, the most posterior point being near the base, the most anterior 
point at the midheight. Ufnbones inflated, incurved, arching a little over the hinge line, slightly 
prosogyrate; beaks between the anterior fourth and fifth. The cardinal line is rigid, straight, 
horizontal, or slightly declining, in length (from beak to postcardinal extremity) about one and 
one-eighth times the height of the shell. The cardinal extremity ia angular, obtuse (140*^), 
situated at the posterior sixth. The posterior margin is truncate, retrorse, almost straight, 
slightly convex, especially at the base, where it curves into the rounded respiratory " angle. " 
The most posterior point of the posterior maigin is at or very near the base. The ventral 
margin is conspicuously insinuated; the posterior half is horizontal and parallel with the cardi- 
nal line anterior to the insinuation, which extends at an angle of 40° to 45° posteriorly down- 
ward from the beaks; the ventral margin is convex, a little lower than the posterior half and 
curving into the anterior end. The lowest point of the ventral margin ia below the beak, at 
the anterior fourth, where the height is equal to about one and one-third times the height of 
the posterior half of the shell. The anterior end is rounded and very short; the forward extrem- 
ity is at the midheight, above which the margin recedes upward in a shallow lunule to the 
beak. The de^th of the single left valve known (4 millimeters) is three-eighths the height, or 
nearly a fifth the length. The point of maximum depth is on the umbonal carina, just back 
of the middle and at three-fifths the height above the base. One of the most conspicuous 
features is the high sigmoidal carina, the curvature of which is convex over the postumbonal 
portion and straight or concave below; the carina is sharp throughout, especially toward the 
umbones. Posteriorly the surface descends into a smooth concave slope to the top of the 
escutcheon. Anterior to the carina the body of the shell is inflated and marked by a con- 
spicuous though shallow, undefined broad sinus extending from the carina forward to a point 
below the beaks. The anterior half of the body of the shell is strongly convex. The sinus 
extends posteriorly downward from the umbones to the basal margin at an angle of approxi- 
mately 40° to 45°. Anterior to the beak there is a fairly well developed lunette occupying a 
shallow lunule. Posteriorly there is a strongly excavated escutcheon, or external Ugamental 
groove, about 1 millimeter thick (in the left valve) at the umbo, tapering toward the posterior 
extremity and extending nearly, if not quite, the entire length of the cardinal line. Dentition 
unknown. Shell structure unknown. The "sculpture cast" is peculiarly glossy and dark in 
color. Obscure and doubtful indications of granulation cross the concentric markings. Muscu- 
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lar and pallial line unknown. The difficulty of observing such features as the gaping in a 
single internal mold or "sculpture cast " of an isolated left valve embedded in the rock, especially • 
when parts of the margin have been clipped away, is apparent, and the features of the gaping 
described below should be considered as far from conclusively proved. The anterior end appears 
to have been perceptibly gaping, as may be observed by holding the cardinal Une and antero- 
ventral margin on a plane with the eye. This appearance of gaping may, however, be due 
to the breaking away of a piece of the shell from the anterior end. The posterior and post- 
ventral margins also appear to be gaping, with the maximum gape at the respiratory angle. 

Posterior to the carina the surface appears to be quite smooth, but exceedingly tenuous lines 
of growth may be observed parallel to the posterior margin. The body of the shell is crossed by 
coarse hues of growth aggregated into obsolescent, narrow, concentric, irregular undulations, 
which are most conspicuous on the convex portion below the beaks in front of the sinus and 
ixnmediately in front of the carina. 

Length, 22 millimeters; height, 10.5 millimeters; depth of left valve a trifle over 4 milli- 
meters. 

Locality: Chapman sandstone, Presque Isle Stream at end of Tweedy road locality 1099 A), 
Chapman Township, Aroostook County, Maine. 

U. S. National Museum, catalogue No. 59831. 

Comparisons, — ^Tlus species may prove to be identical with McCoy's Sangumolites decipiens. 
The Chapman fossil differs in only a few doubtful minor respects from McCoy's description of 
his species, which is as follows: 

Elongate, oblong, dorsal, and ventral margins subparallel; beaks incurved, small, depressed, about one-fifth the 
length from the anterior end; hinge line long, not elevated (the inflected edges forming a nearly horizontal posterior 
lunette extending its entire length); cardinal angle about 115°; anterior end rounded, narrowed by a large elongate, 
elliptic lunette; a strong, sigmoidally contorted diagonal ridge extends from the beak to the respiratory angle; posterior 
slope steeply inclined; posterior end slightly oblique, subtruncate, rounded; ventral margin with a wide, rather deep 
sinus In the middle, from which a wide concavity extends nearly to the beak, and from the diagonal ridge to the anterior 
end, which is convex anterior to the beaks; surface marked with sharp concentric wrinkles from the anterior lunette 
to the diagonal ridge. Length, 8 lines; in proportion to the length greatest width (from beak to opposite margin) ^^, 
length of anterior end -j^, from beak to end of hinge line ^, greatest depth of one valve (about middle of diagonal 

ridge) ^. 

I have seen numerous specimens of this species from the Upper Ludlow rocks, usually confounded with the so- 
called Cypricardia cymbiformia (Sowerby), which it strongly resembles at first sight, although the anterior end is con- 
siderably longer. That fossil, however, has simple erect dorsal maigins and belongs to the genus Orthonotus as restricted 
in this work, while the distinctly inflected dorsal edges forming the elongate, concave, posterior lunette show the present 
species to belong to the genus SanguinoUtes.^ 

The anterior end is a little larger in C/ chapmam than it appears to be in McCoy's figure, 
and the forward extremity is at the midheight, with a shallow concave lunule above to the 
beaks. In McCoy's figiu*e the anterior extremity is near the base, and there is no concave 
lunule below the beaks; but the figure seems to be incomplete in the anterior end, and McCoy, 
in his description, mentions specifically the presence of a lunule. The ventral insinuation 
seems to be a little more pronounced in C.f cJiapmani, and the ventral margin anterior thereto 
is more deeply beUied down, but the posterior margin, though destroyed in the Chapman fossil, 
appears from the faint lines of growth to have been slightly less arched than in McCoy's species. 
Finally, in McCoy's species the depth of the single valve is one-fourth the length, whereas 
in the Maine fossil (which is a little crushed) it is only one-fifth the length. The differences indi- 
cated may prove to be accidental or individual characters, but for the present the Chapman 
shell may be listed as specifically distinct from the Upper Ludlow English species. 

Of the other species of the group of Cimitaria? chapmani, C, Tcarsteni may at once be 
distinguished by the absence of the ventral insinuation. 

The Sphenotus eUsi of Clarke's lower figure resembles C.f chapmani, but the Maine species 
has a slightly more convex posterior margin and the ventral margiQ is more bellied down 
anteriorly, causing the greatest height of the shell to be under the umbone, whereas in 

I McCoy, F., British Paleosoic rocks and fossils, p. 277, 1856. 
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SphenottLS dki the greatest height is posteriorly, as in McCoy's species. Clarke's shell may 
possibly belong to the group of Oimitariat chapmanL Sphenotus eUsif as represented by Clarke's 
upper figure, is a more transversely elongate shell having the postumbonal radial ridge and 
groove of Sphenotus. 

Snperfkniily LUCINACEA. 

Family LUCINIDiG Fleming. 

Genus PABACYCI«AS Hall, 1869. 

The genus Paracyclas Hall is easily recognized amoi^ Paleozoic lamellibranchs by the 
circular or subcircular outline; beaks minute, and central or nearly so; surface evenly rounded; 
ligament internal, more or less supported by septa, one on each side of the beak with commonly 
an abruptly flattened strip over the posterior ligamental region. The genotype is P. ocddentdle 
Hall and Whitfield (=P. eUiptica Hall, 1843, not (Phillips), 1841). 

Lucina (Paracyclas) ettiptica var. ocddentalis is commonly accepted as a synonym of P. 
eUiptica Hall. Hall's name, however, is preoccupied by PuUastra eUipUca Phillips, 1841, 
which is regarded by De Koninck (1898) as a Paracyclas. The name Paracydas ocddentale 
may therefore be applied to the American P. eUiptica. 

The typical species Paracydas eUiptica Hall (not (Phillips) De Koninck) and P. lirata 
Conrad are very common in the American Comiferous, P. lirata continuii^ into the Hamilton, 
and extending upward in eastern New York into the lower part of the Portage formation. 
A couple of species are known in America in the higher Chemung of Pennsylvania and the 
Ouray limestone of Colorado. In Europe the genus occurs in the Carboniferous, according 
to Beushausen and De Koninck,^ and ranges nearly throughout the German Devonian, from 
the upper Neo-Devonian down to the Lower Coblenzian, near the base of the Devonian of the 
Rhine ' and the Harz. One species {ParacycUis lebescontei Barrois ') has been found in the 
Lower Devonian of France, and the genus also occurs in the Devonian of England, Spain, and 
Australasia.^ It is, in fact, of world-vride range in the Devonian rocks. 

Paracyclas is also found in the Silurian. In England typical forms of the genus include 
several small species like Mytihis quadratus Salter,^ from the Upper Ludlow of Llangadoc; 
MytHus perovdlis Salter, • from the Ludlowian of Usk; and Anodontopsis huUa McCoy,' from 
the Upper Ludlow of Kendal, Westmoreland, and Galway, Ireland (?). 

Barrande ■ has described a gigantic form, Para^clas hdhemica, from 6tage E* of Bohemia 
(equivalent of the Aymestry of England). If this form belongs to the genus, which is some- 
what doubtful, it is the largest as well as the earliest species of Paracyclas known. 

Paracyclas may therefore be regarded as probably first appearing in Aymestry or 
approximately Ouelph time, becoming widespread in the late xniddle Silurian or upper Silurian, 
attaining its maximum in the Devonian, and continuing into the Carboniferous. 

Paracyclas is easily distinguished from the other Paleozoic lucinoids. Ilionia Billings has 
a large anterior end toward which the small beaks are directed, and the small posterior end is 
sinuated or broadly emarginate postventrally. The shell is compressed and is concentrically 
striated. Prolucina Dall, 1896, which appears to be a synonym of Ilionia, is a widespread 
genus in the Aymestry zone of Europe and in the Guelph dolomite of America and continues 
into the Manlius and ''Comiferous" of America. It was founded on LuciTia prisca (Hisinger), 
from the Aymestrian fauna of Gotland. This species is considered by Lindstrom, Dames, 

1 De Koninck, L. O., Desoriptioosorthe Paleosoio fossOaof New South Wales, Australia: Geol. Survey New South Wales Mem., Paleontology, 
No. e, p. 85, 1896. 

* Beushaosen, Louis, Die LamaUibranohJaten des rheinJschen Devon: K. preuss. geol. Landesaostalt Abh., new ser., vol. 17, pp. 65 et seq., Ikoo. 

* Barrois, Charles, Faune du calcaire d'Erbiay, Lolre-Inf^rleure, p. 179, pi. 11, fig. 13, 1889. 

* De Koninck, L. O., op. dt., p. 85. 

ft Phillips, John, and Salter, J. W., The llalvem Hills compared with the Paleozoic districts of Abberley: Geol. Surve> Great Britain Mem. 
TOL 3, pt. 1, p. 363, pi. 20, fig. 1, 1848. 

* Idem, p. 363, pi. 20, fig. 2. 

Y Sedgwick, Adam, and McCoy, Frederick, British Paleozoic rocks and fossils, p. 271, pi. 1, K, tigs. 11-13, 1852. 

* Banande, Joachim, Systdme silurien du centre de la Boh6me, pt. 1, vol. 6, pi. 67, box III, pi. 129, 1881. 
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and other European authors to be congeneric with Ilionia. If L. prisca does not belong to 
Ilionia, the name Platymermis, applied by Ndtling in 1883 to the same species, has priority 
over Prolucina; 

A shell which might be confused superficially with the circular Paracydas is the genus 
Ontaria Clarke, including the world-wide Oardiola concentrica Von Buch of the Upper Devonian 
Intumescens zone. This well-known fossil differs from Paracyclas in being hingeless, as well 
as in its peculiar development of postdorsal radial striae. 

Pabacyclas BULLoroES sp. nov. 

Plate XXV, figures 23, 23a, 24. 

Shells small, circular to quadrate-circular, the length equal to or slightly greater than 
the height. Greatest height and length in the middle. Umbones inconspicuous, depressed, 
situated in the middle or slightly in advance of the middle. The upper margin of the anterior 
end extends forward, slightly descending from the beaks; it is flatly arched, nearly straight, and 
devoid of lunule, and it curves into the long, nearly vertical, roimded anterior margin, which 
curves similarly into the roimded ventral margin, and the latter into the posterior margin. 
The posterior margin is convexly rounded throughout and is not indented. The hinge extremity 
is roimded but approaches angularity more nearly than any other "comer*' of the shell. The 
hinge line is nearly horizontal, descending sUghtly to the rear. It is gently convex, nearly 
straight. Shell moderately convex. The surface is subspherical, slightly more inflated umbo- 
nally than ventrally. There is discernible on internal molds, along the dorsal margin, a more 
or less well-developed flattened strip. Occasionally, also on internal molds, there is a flattened 
or subconcave rim around the lateral and ventral margins of the shell outside and below the 
muscular scars and pallial line. The depth of the single valve is about one-fourth the height. 
The point of greatest depth is below the umbones, at the upper two-fifths or three-sevenths 
the height. 

Ligament internal. It is supported near the umbones by an internal septum, which 
continues backward, diverging slightly from the hinge line, and around to the upper hind part 
of the posterior muscular scar, where it dies out. This septum in Paracyclas may serve as a 
muscular support, as suggested by Beushausen, rather than as the lower part of the ligamental 
groove, or it may possibly be the base of a broad hinge plate. Structure of anterior end not 
observed. Dentition unknown. Muscular scars faintly impressed, apparently both of them 
elongate in outline and extending below the midheight of the shell. Pallial line simple, faintly 
impressed; parallel to the ventral and lateral margins, and continuous into the distal margins 
of the muscular scars. One of the best-preserved specimens shows delicate radial or vertical 
striations above the pallial line in the middle and posterior portions of the interior of the shell. 

Internal molds are smooth, devoid of ornamentation. This is the usual mode of preser- 
vation. The surface ornamentation has been observed only on a small fragment, dorsally, 
where the shell is marked by concentric broad striae or grooves depressed below the surface, 
giving the appearance of concentric lirations, somewhat as in P. lirata but less conspicuous. 

The type specimen has a length of 10 millimeters and a height of 9.1 millimeters. Another 
specimen is 9 millimeters high and 9.66 miUimeters broad; a third has a height of 10 millimeters 
and a length of 10 millimeters. 

The species is easily recognized by its small size and circular to quadrate-circular outline. 

Locality: Chapman sandstone, 2 miles west of Presque Isle Stream (locality 1099 J), 
Chapman Township, Aroostook County, Maine. 

U. S. National Museum, catalogue No. 59832. 

Comparisons. — P. buUoides resembles some English late Silurian species, among them 
Mytilus perovalis Salter,* from which it is distinguished by having the umbones more nearly 
central and the height more nearly or quite equal to the length. The Chapman shell is also 
more convex. The two fossils appear, however, to be closely related specifically. 

1 Salter, J. W., Great Britain Oeol. Survey Mem., vol. 2, pt. 1, p, 363, 1848. 



MOLLUSCA. 259 

The Maine form bears a still closer resemblance to the Upper Ludlow Mytilus quadratus 
Salter* in the subquadrate outline and convexity, but P. bvUoides is not quite so tall, and the 
posterior septimi is a Uttle farther below the dorsal edge. 

The British Anodontopsis bvlla McCoy,* from the Upper Ludlow-Downtonian of Kendal, 
Westmoreland, may possibly prove identical with the Chapman species, but its characters are 
imperfectly known. The Irish types of McCoy's species from Galway appear to be more gibbous 
than the Maine shells, with the pallial line more distant from the margin, and are described as 
having two rounded muscular scars; in the Chapman species the muscular scars are elongated. 

Class GASTROPODA. 

FamUy CAPVUDJE Cuvier. 

OenuB PLATYCERAS Conrad. 

In the collections from the Chapman sandstone are fourteen specimens which I refer to 
the genus Platyceras, including a few uncoiled conic shells referable to HalVs genus Ortho- 
nychia. The last named, however, are regarded as of only subgeneric rank, under Platyceras. 

Aside from the imperfect state of preservation and posthumous distortion of the Chapman 
specimens, the great irregularity in mode of growth characteristic of most platycerids makes 
specific determination very unsatisfactory. As is well known, the most frequent cause of 
irregularity in the platycerids results from attachment to or fixation upon other objects, and the 
consequent accommodation or yielding of the peristome of the gastropod to the inequalities 
of the surface of attachment. 

In all the Chapman specimens here imder consideration the shell aperture is irregular in 
form, although the attachment must have been to some other object than a crinoid, for 
crinoids are rare or \mknown in the Chapman f aima. 

To the more characteristic forms of Platyceras are given separate specific names, in accord- 
ance with the practice of paleontologists, because of the practical value of this mode of desig- 
nating fossil forms, although it is strongly probable that the differences noted are in large 
degree the results of individual or racial deformation in growth rather than specific characters 
associated with heredity. 

PULTTCERAS CHAPMANI Sp. UOV. 

Plate XIII, figures 12, 16. 

of. 1907. Platyeeraa kahlebergenaia (not Beushauaen's ap.). Clarke, New York State Mus. Bull. 107, p. 185, figs. 
Lower Devonic [Chapman sandfltone]: Edmunds Hill, Chapman Township, Aroostook County, Maine. 

Nine specimens from the Chapman sandstone of Edmunds Hill present several points in 
common and may be regarded as representing a single species. This form has been already 
noted by Clarke under the name Platyceras IcaTdebergensis Beushausen. 

The following characters appear to be distinctive of the Chapman form: Shell with a sharp, 
slender, apical portion close coiled for the first volution, then rapidly expanding to form a loose- 
coiled spiral with two volutions. The first volution is nearly regular, and is elevated above the 
lower whorls; after the completion of one full volution a deep sulcus develops on the outer or 
lower half of the whorl, the upper part remaining gently convex, producing a sinuate peristome. 
The surface is marked by fine transverse striae and by faint transverse undulations, visible near 
the opening. 

The greatest diameter of the lai^est specimen is 25 millimeters; at right angles to this 
diameter the distance across the coils is 16.5 millimeters; the diameter of the peristome is 
about 15 millimeters. 

Locality: Chapman sandstone, Edmunds Hill (localities 1099 C and 1099 M), Chapman 
Township, Aroostook Coimty, Maine. 

U. S. National Museimi, catalogue Nos. 59833, 59834. 

1 Elolter, J. W., Great Britain Oeol. Survey Mem., voL 2, pt. 1, p, 363, 1848. > McCoy, F., British Paleoioic rocks and fossils, p. 271, 1855. 



260 FAUNA OP THE CHAPMAN SANDSTONE OF MAINE. 

Comparisons. — Clarke regarded this fossil as identical with the Hercynian Capulus JcoMe^ 
bergensis Beushausen,* but the German fossil is distinguished by having the apical whorl or 
spire much larger and broader proportionately than in the Chapman fossils. The two species 
are, however, closely related. Capulus crassus Trenkner, also from the Kahleberg, as figured 
by Beushausen,' resembles in some features Platyceras chapmani. The body whorl, however, 
does not become detached or sulcate. C. crassfi^ may be regarded as the regular form of growth 
of a race the irregular form of which is C. Jcahlehergensis. 

The Maine species P. edmundi and P, chapmani exhibit a similar relationship to each other, 
and both have the apical whorl more slenderly developed than in the German types. 

Platyceras edmundi sp. nov. 

Plate XIII, figure 19. 

A second species of Platyceras has about the same dimensions and begins growth at the 
apex in the same way, but the sulcus begins to develop near the end of the first volution on the 
upper side of the body of the shell. The sulcus, however, is not deep and toward the front it 
broadens out into two low grooves. The prominent extension of the body of the second volu- 
tion is along the lower outer side. The resultant form produced is a plane coiled shell in which, 
viewed in such a position that the axis of the spiral stands vertical, the apex is on the same 
horizontal plane with or below the upper rim of the aperture. In P. chapmani the apex is 
elevated 7 millimeters above the upper rim of the aperture. 

The greatest diameter of this shell is 20 millimeters; the peristome is 15 millimeters broad. 

LocaUty: Chapman sandstone, Edmimds Hill, Chapman Township, Aroostook County, 
Maine. 

U. S. National Museum, catalogue No. 59836. 

Platyceras (Orthonychia) hebes Clarke. 

Plate XIII, figure 20. 

1907. PkOifceras hebea. Clarke, New York State Mub. Bull. 107, p. 185, figs. 

Lower Devonic: Edmunds Hill, Chapman Plantation, Aroostook County, Maine. 

A third form of Platyceras has been called Platyceras Jiehes by Clarke, whose description of 
this shell is as follows: 

Shell conical, slightly oblique, apex blunt or minute, surface expanding rapidly with a vertical slope on the pos- 
terior and a more broadly curved slope on the anterior side; lower part of the cone obscurely plicated, aperture nearly 
round. 

The figures usually seem to indicate a simple cone, but in realty one side (the anterior?) 
is longer than the other. The posterior ( ?) side (right side of fig. 20) of the body of the shell 
is nearly straight and vertical from beak to aperture, but the anterior side is longer and its 
outer surface is broadly curved in an arc measuring about a quarter of a circle from beak to 
peristome, producing a twisted or humpbacked form. On the anterior side of the body the longi- 
tudinal plications are twisted The margin of the peristome is sinuous, conforming to the 
irregular sulcations of the surface. 

LocaUty: CJhapman sandstone, west side of Edmunds Hill, Chapman Township, Aroostook 
County, Maine. 

U. S. National Museum, catalogue No. 59837. 

Comparisons are given below, under var. fi. 

Platyceras (Obthonychia) hebes var. a. 

Plate XIII. figure 26. 

Another specimen referred to this species has a blunt conical form with the broadly roimded 
apex and the flaring body of the type, but shows no plications on the anterior side. The posterior 

1 Beoshausen, LouJs, Beitrftge zur Kenntniss des oberharsor Spiriferensandsteiiis und seiner Fauna: Abh. geol. Specialkarte Preussen, vol. 6^ 
pt. 1, p. 53, pi. 1, fig. 14, 1884. 
s Idem, pi. 1, fig. 13. 
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side from tip of beak to margin of lip is 14.5 millimeters long, the peristome is circular and 
16 millimeters in diameter. The surface of the shell is smooth, without either concentric or 
longitudinal folds or striations. 

LocaUty: Chapman sandstone, west side of Edmunds HiU, Chapman Township, Aroostook 
Comity, Maine. 

U. S. National Museum, catalogue No. 59838. 

Comparisons are given below under var. ^. 

Platycekas (Orthonychia) hebes var. p. 

Plate XIII, figure 14. 

Another short Orthonychia, figured from the lateral aspect, appears hke a young stage 
of the typical form of Orthonychia hehes; the apex has the humpbacked appearance on the 
posterior side, but the tip is sharper and is arched backward. Below the apex the posterior 
margin is not vertical but is inclined backward at an angle of about 45^. 

Locality: Chapman sandstone, west side of Edmimds Hill (locality 1099 M), Chapman 
Township, Aroostook Coimty, Maine. 

U. S. National Museum, catalogue No. 59839. 

Allies of Orthonychia hebes and varieties. — Clarke noticed the resemblance of his Platy cents 
hehes to Acroculia sp. Oehlert,^ from the French Lower Devonian of Angers. In its blunt 
conical shape and obscurely pUcated lower half the typical form also resembles two species 
from the Eo-Devonian of Pasterkriffer, near Vellach, in the eastern Alps, mentioned by Freeh ^ — 
Platyceras protei (Oehlert) and Platyceras sp. Acroculia protei Oehlert, which the typical 
form of Plaiyceras {Orthonychia) hehes resembles very closely in the body of the sheU, is a much 
larger species and has a coiled apex; the body of the shell expands a little less rapidly than in 
P. (0.) hehes. Oehlert's species, which is widely reported in the European Eo-Devonian, was 
originally described in 1883.' The species is from Mayenne. 

The variety a, with low, smooth, regular cone, devoid of pUcations, but with bluntly rounded 
erect apex, is similar to Acroculia sp. Oehlert, already mentioned, but Oehlert's species is 
much larger. The variety ^ is a symmetrical pileopsoid shell with apex arched to the rear and 
with the posterior part of the shell broadly expanded and larger than the anterior part. It is 
similar to some of the forms of the Konieprussian Acroculia suhcariTuUa Barrande,* of the 
Bohemian Eo-Devonian, but in the Chapman shell the apex is farther forward. 

Platyceras (Orthonychia) aroostooki sp. nov. 

Plate XIII, figures 22, 23. 

of. 1859. Platyceras eUmgatum. Hall, Paleontology of New York, vol. 3, p. 335, pi. 64, figs. 6, 10; pi. 65, fig. 5. 
Lower Helderberg shaly limestone: Schoharie County, N. Y. 

Shell conical, elongate, nearly straight, with blunt apex, the inner (anterior?) side short 
(13 millimeters) and the outer side greatly produced (37 millimeters), forming an oval elongate 
aperture 28 by 18 millimeters in diameter. The body of the shell is crossed by a few obsolescent 
transverse undulations and is longitudinally subcarinate along the posterior ( ?) surface. The 
apex is blunt, with a minute, obscurely arched tip. The specimen may have been crushed 
slightly in a way to affect the carination of the body. 

LocaUty: Chapman sandstone, Edmunds Hill, (Ilhapman Township, Aroostook County, 
Maine. 

U. S. National Museum, catalogue No. 59841. 

Comparisons. — ^This species is in general aspect similar to HaU's species Platyceras elongatum 
and may possibly prove identical with it, but the CJhapman shell is much smaller. Hall's spe- 

» Oehlert, D. P., Sur le d^vonien des environs d'Angers: Soc. g<*ol. France Bull., vol. 17, pi. 19, fig. 4, 1889. 

* Freeh, Fritz, and Loeschmann, E., Ueber das Devon der Ostalpen; III, Die Fauna des unterdevoniscben Riffkalkes, pt. 1: Deutsche geol. 
GeBell. Zeitschr., vol. 4G, pp. 471, 472, pi. 37, figs. 2, 7, 1894. 

* Soc. gtol. France Bull., 3d ser., vol. 11, p. 68. pi. 16, fig. 1, 1883. 

* Barrande, Joachim, Sjrst^me silurien du centre de la Boh£me, vol. 4, Oast^ropodes, pi. 32, flgs. 30, 31, 1903. 
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cies has been reported from Devonian ( ?Eo-Devonian) rocks in the east slope of the Urals/ 
but the Russian shell is a different species, being arched and having stronger radial ribs. 

Platycekas (Orthonychia) gompbessa sp. nov. 

Plate XIII, figure 24. 

An Orthonychia occurring with the species just described forms a narrow, bilaterally 
compressed cone, with nearly straight sides and narrow ovoid aperture. Its length from tip 
of beak to inner margin of lip is 11.5 millimeters and to the outer margin of the lip is over 
17 millimeters, but the apertural rim is imperfect. The aperture is over 14 millimeters long 
(incomplete) and 8.6 millimeters wide. 

Locality: Chapman sandstone, Edmunds Hill (localities 1099 M and 1099 O), Chapman 
Township, Aroostook Coimty, Maine. 

U. S. National Museum, catalogue No. 59840. 

Comparisons. — In the high, narrow, conoid form this species resembles the Eiu*opean Mid- 
dle Devonian Platycerns conddeum (Goldf uss) reported by Freeh * from the eastern Alps, but 
differs in having a nearly straight instead of arched profile. 

Genus PLATYOSTOMA Conrad, 1842. 

The generic name Diaphorostoma was proposed by Fischer * in 1885 to supplant Platyos- 
toma Conrad on the ground that Conrad's generic name had been preoccupied by Klein (1753) 
for a terrestrial gastropod, by Meigen (1803) for a genus among the Diptera, and by Agassiz 
(1829) for a genus of fish. The name Diaphorostoma has crept into frequent usage; but as the 
generic name used by Klein, Meigen, and Agassiz was Platystoma, and as Conrad's genus of 
fossil snails is Platyostoma, the name Platyostoma is not strictly preoccupied. Platyostoma 
has indeed been used by Megerle for a moUuscan genus now regarded as a synonym of Buccinimx; 
but as Megerle's genus was proposed without definition in a manuscript catalogue of shells its 
pubUcation was deficient. 

The shells of Platyostoma have suffered little deformation, though they were fixed on a 
host organism, like the typical Platycerida. From the latter Platyostoma differs in possessing 
a coiled spire; the coils are usually contiguous, and the lip more or less expanded, always so on 
the inner side. Platyostoma differs from Strophostylus in lacking the twisted columella. 

Platyostoma ventricosum Conrad. 

Plate XIII, figuree ?15, 18. 

*1842. Platyostoma ventricosa. Conrad, Acad. Nat. Sci. Philadelphia Jour., vol. 8, p. 275, pi. 17, fig. 5. 
OridEany sandstone: Schoharie,' N. Y. 
1842. Platyostoma arenosa. Conrad, idem, p. 276, pi. 17, fig. 6. 

Helderbeig: Catskill, N. Y. 
1859. Platyostoma ventricosa. Hall, Paleontology of New York, vol. 3, p. 300, pi. 55, figs. 9a-d; p. 469, pi. 112, figs. 
1-10; pi. 113, figs. 7-8; pi. 115, fig. 8. 
Helderbeig shaly limestone: Catskill and Becraft Mountain, N. Y. 

Oriskany sandstone: Albany, Schoharie, Greene, and Ulster coimties and elsewhere in New York; rocks of 
similar age in Maryland and Vixginia. 
1859. Platyostoma arenosa Hall, idem, p. 302, pi. 57, figs. 3a, 3b. 

Helderbeig shaly limestone: Near Catskill, N. Y. 
1861. Platystoma sp. Billings and Hitchcock, Maine Board Agr. Sixth Ann. Kept., pp. 244-245. 

Orii^any sandstone: Parlin Pond, Moosehead Lake, Telos Lake, Webster lAtke^ Seboois River, etc., northern 
Maine. 
1866. Platyostoma ventricosa (?). Billings, Portland Soc. Nat. Hist. Proc, vol. 1, p. 2, p. 106. 
Oridcany sandstone: Telos Lake, Maine. 

1 Tschernyschew, T., Die Fauna des unteren Devon am Ostabhange des Urals: Com. geol. [St. Petersburg] M^m., vol. 4, No. 3, p. 24, pi. 1, 
fig. 28, 1893. 

« Freeh, Friti, Ueber das Devon der Ostalpen, II: Deutsche geol. Qesell. Zeltschr., vol. 43, p. 678, pi. 44, flgs. 6-«), 1801. 
* Fischer, Paul, Uanuel de conchyliologie et de paltontologie oonchyliologique, fasc. 8, p. 756, January, 1885. 
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1900. Platyoatoma ventrieosa f and sp. Williams, U. S. Geol. Survey Bull. 165, pp. 30, 33. 

Moose River sandstone: Localities cited by Billings, 1861 and 1866. 
1905. Platyostoma ventricosum. Williams and Kindle, U. S. Geol. Survey Bull. 244, pp. 32, 39. 

Giles sandstone: 1} miles above Hicksville, Bland County, Va. 

Top of Lewistown limestone: Jackson River, one-half mile below the iron furnace, Covington, Alleghany 
County, Va. 
1908. Diaphorostoma ventricoaum. Clarke, New York State Mus. Mem. 9, p. 149. 

Oriskany: Union Springs, Oriskany Falls, Glenerie, Becraft Moimtain, N. Y. 

(? )Grande Greve limestone (Oriskanian): Grande Greve, Gaspe Bay, Quebec. 

A large specimen from Detroit, Maine (PL XIII, fig. 18), presents some of the characters 
of this species as described and figured by Hall. The shell is globose, obliquely ovoid; spire 
consisting of three regular contiguous revolutions, the last of which is ventricose and comprises 
the bulk of the shell. Volutions broad-shouldered on the upper side and with excavated sutiu*es. 
The aperture is circular or broadly subovate, 28.6 millimeters wide. The total width of the 
body whorl is 30 millimeters. The diameter of the shell at the penultimate whorl is about 13.5 
millimeters. The surface ornamentation comprises strise of growth which in the body whorl 
are aggregated into broad transverse imdulations. The imdidations are more pronounced than 
in New York shells and are developed only on the body whorl; this constitutes about the only 
difference between the Maine shell and the typical forms from the New York Oriskany. A 
small specimen, showing the first whorl (PI. XIII, fig. 15), is referred with doubt to the same 
species. 

Locality: Moose River sandstone between Parlin Pond and Detroit (locality llOOA), Somer- 
set County, Maine, associated with Spirifer arenoaus (Conrad), S. antarcticus Morris and Sharpe 
(5. gdspensis Billings or S. liercynist Giebel), S. murchisoni Castelnau, Leptocalia fldbeUiUa 
(Conrad), Antispirifer harroldi sp. nov., and other species of the Moose River sandstone faima. 
Platyostoma seems not to occur in the Chapman sandstone fauna. 

U. S. National Museum, catalogue No. 59842. 

QenuB 8TBOPHOSTYLTJS HaU, 1850. 

Strophostylus cf. S. OLOBOsus Hall. 

Plate XIII, figure 13. 

cf. 1859. Strophostylits glohosta Hall. Paleontology of New York, vol. 3, p. 305, pi. 55, fig. 8. 
Helderberg shaly limestone: Catakill and Becraft Mountains, N. Y. 

A naticoid platycerid found in the Chapman sandstone of Edmunds HUl shows the shallow 
canaliculat^e sutures and overhanging upper lip of the aperture prevalent in the species of Stro- 
phostylus. It also has obscure indications of the twisted columella characteristic of Stropho- 
stylus, so that the shell is with hardly any question referable to Hall's genus. 

The specimen is globular, with height and breadth of the spire about equal. There are 
three or four regular, contiguous whorls, of which the body whorl comprises the bulk of the shell, 
including seven-eighths the height of the spire. The surface is smooth ; even the strise of growth 
are discernible only with difficulty, but this faintness of striation may be due to maceration. 

In size and proportions the shell resembles Hall's Strophostylus ghbosusy from the New York 
Helderberg, but the Chapman specimens show fainter striae of growth, the sutures are less deeply 
impressed, and the upper spire is somewhat smaller. There are also minor differences. 

Locality: Chapman sandstone, west side of Edmunds Hill, Chapman Township, Aroostook 

County, Maine. 

Family BELLEROPHONnDiC 

Representatives of three or four distinct types of the Bellerophons have been discovered in 
both the Chapman sandstone and the Moose River sandstone of Maine. No attempt is made 
here to settle the taxonomic value of the names applied to these types, which will be here adopted 
as of generic rank, and the species will be distributed in the genera Patellostium Waagen, Plecto- 
notus Clarke, and Tropidodiscus Meek. 
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Genus PATBLLOSTTUK Waagen, 1880. 

The name Phragmostoma Hall has been variously applied by authors to different forms of 
Paleozoic bellerophontoids until its real status has been somewhat obscured by the multitude 
of interpretations given to it. Waagen, De Koninck, Koken, Ulrich and Scofield, Perner, Hall 
himself, and Clarke have used the name in conflicting senses. As an instance of such conflicting 
usage, in 1899 Clarke^ referred to the supposedly erroneous views of Waagen, De Koninck, etc., 
on Phragmostoma as *' quite excusable, but somewhat out of its proper signification, De Koninck 
even specifying BeUerophon natator Hall as its type," but in a later work' Clarke himself adopts 
B, natator as the type of the genus. In this second work he gives excellent descriptions and 
illustrations of the forms, which enable us to differentiate to better advantage the terms Phrag- 
mostoma Hall, Ptomatis Clarke, and Patellostium Waagen. 

As shown by Clarke, the name Phragmostoma was introduced by Hall' in 1861, chiefly for 
P. cunvlx and P. cymfmlaj from the Ordovician of the Mississippi Valley, but these two species 
were found to be congeneric with Carinaropsis Hall, 1847. In 1862 Phragmostoma was used 
in a different sense by Hall* for the Neo-Devonian P. natator, from the Cashaqua shale or Intu- 
mescens zone of New York, and as this is the only one of the original species of Phragmostoma 
which is generically distinctive the name Phragmostoma should be, as is generally admitted, 
applied to this type. The structure of PTiragrrvoatoma natator Hall and the aUied P. incisum 
Qarke, as elucidated by Clarke,* resembles that of Carinaropsis in the general form of the shell, 
differing chiefly in that the septal plate or diaphragm, which in the carinaropsoids extends from 
the inner lip into the body cavity, does not exist in Phragmostoma, where it is represented only 
by a blunt thickening or callousing of the inner lip, which may become wedge shaped. In Phrag- 
mostoma also a distinct slit band, best developed near the mouth, is a conspicuous feature. In 
the carinaropsoids the sht band is represented, when present, by a dorsal carination which 
decreases in intensity on approaching the aperture, and frequently in Carinaropsis the dorsal 
carination is lacking altogether. 

The generic name Patellostium was conferred by Waagen* on the Devonian BeUerophon 
macrostomus Roemer, from the Coblenzian graywacke at Unkel, as type. This agrees with 
Phragmostoma in lacking the apertiu-al diaphragm of Carinaropsis, but it resembles Carinaropsis 
in lacking the sUt band of Phragmostoma. It was originally figured by Roemer' as having a 
nonemarginate, circular mouth, but as the Unes of growth are broadly insinuated it appears 
quite probable, as intimated by Drevermann, that the mouth really has a broad sinus anteriorly. 
Posteriorly the mouth has an entire noncalloused peristome ; the inner hp is reflected back like 
a trumpet mouth below and is not in contact with the inner whorl. The imibihcus is broad and 
open, exposing the inner whorls, as in Bucania and Trematonotus. 

The genus Ptomatis Clarke was founded on the species BeUeropTion patulus Hall, of the New 
York Middle Devonian, which agi'ees with Patellostium in having the expanded mouth broadly 
emarginate anteriorly and which, like Patellostium, differs from Phragmostoma in lacking a sht 
band on the body whorl. Ptomatis does not, however, possess an entire peristome; the inner 
Up is formed by the preceding whorl, which typically becomes calloused and pappilose. I doubt 
whether this distinction of the interrupted inner Up in Ptomatis is of more than subgeneric value, 
especiaUy as Roemer's genotype of Patellostium Waagen is but imperfectly understood. In 
Ptomatis, however, the umbiUcus is decidedly less open than in PateUostium. It is quite possi- 
ble that the development of an entire peristome, as suggested by Ulrich and Scofield, may be a 
fugitive character in the group of sheUs described under the names Phragmostoma, Patellostium, 
and Ptomatis, giving place to variations displaying the inner whorl as bulging or projecting 

1 Clarke, J. M., The Devonian Mollusca of the State of Para: Mus. nac. Rio de Janeiro Arch., vol. 10, p. 42, 1899 (author's En^Ubh ed., 1900). 

» Clarke, J. M., Naples fauna in western New York: New York State Mus. Mem. 6, p. 322, 1903. 

s Hall, James, New York State Cab. Nat. Hist. Fourteenth Ann. Rept., p. 93, 1861. 

« Hall, James, idem. Fifteenth Ann. Rept., p. 60, 1862 (not pi. 6, ilgs. 12-14, which show QiriTiaropsiji cymbula). 

6 The Salt Range fossils; T, The Productus limestone fossils: Paleontologia Indica, 13th ser., p. 131, 18so. 

• Roemer, C. F., Das rhdnische Uebergangsgebirge, p. 80, pi. 2, fig. 6, 1844. 
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through the inner lip of the peristome or causing the inner Up to become more or less calloused. 
There is a great deal of variabiUty in the form of the inner hp in many closely allied species and 
in different stages of the same species. 

Bellerophon (Patellostium) bevolvens sp. nov. 

Plate XIV, figures 14, 15, 20, 27. 

A Bellerophon of moderate size, globular or elongate ovoid, with broadly expanded mouth. 
Whorls expanding rapidly, especially the last or body whorl; involute, but not very deeply so. 
Umbilicus exposed only in internal molds, where it is small. In all four specimens showing 
the umbilicus in the internal molds the inner whorls are completely lacking, so that it is impos- 
sible to state their number. This absence of the inner whorls in internal molds may be acci- 
dental, or it may represent calcification of the apical or inner whorls and hence their total 
removal, with the removal of the other calcareous shelly matter. Clean external molds show 
a smaller, very minute xmibilicus, and the inner whorls are covered by the shell of the outer 
whorl and the expanded lip. In cross section the whorl is broadly reniform, concave in the 
middle of the imder side and convexly roimded on the sides and back. The width of cross 
section of the whorl varies from one and three-fourths times the height in the earlier or smaller 
volutions to two or two and one-fourth tim^ the height in the later or larger whorls. Aper- 
ture laterally and posteriorly broadly expanded like a tnunpet mouth, but not expanded 
anteriorly. Outline of aperture broadly suboval; width one and one-half times the length 
of the mouth, and at the inner lip three times the width of the preceding whorl. Greatest 
width of the aperture at or very near the midlength. The anterior margin is broadly and 
shallowly insinuated. Posteriorly the mouth is also expanded and appears to have been spread 
over the preceding whorl, producing an apparently entire peristome. The inner whorl, how- 
ever, causes this portion of the aperture to bidge more or less. Two good external molds show 
no trace whatever of a slit band, a peripheral keel, seam, or other band on the surface, the 
back being broadly roimded on the body whorl. One internal mold, however, shows a veiy 
faint flattening or very obscure narrow ridge on the dorsum. The surface is ornamented by 
very fine revolving raised lines separated by much broader interspaces. There are three inter- 
spaces in the width of 1 millimeter on the back. Toward the sides and umbihcus the revolving 
lines become a little more crowded. Commonly in the back a very much fainter raised line is 
developed on the interspace between each pair of lines. The revolving lines seem to die out 
on approaching the broadly expanded apertural portion. No concentric striae of growth have 
been observed, except an obscure partial wrinkle of growth near the edge of the aperture. 
Internal molds are smooth. Shell apparently rather thin. The largest specimen has an aper- 
tural width of about 25 millimeters and a total length of shell of about 20 millimeters. 

Locality: Conmion in the Moose River sandstone between Parlin Pond and Detroit 
(locality 1100 A), Somerset Coimty, Maine; associated with the normal marine fauna of the 
Moose River sandstone. 

U. S. National Museimi, catalogue No. 69843. 

Comparisons. — The species is similar to Bucania freUasi Clarke,* from the Lower Cob- 
lenzian fauna of Rio Maecuru, Brazil, but has a relatively smaller spire and the sides of the 
mouth are more nearly symmetrically elliptical. Bellerophon rhenunus Drevermann * has, like 
B.freitasi Clarke, a larger spire, and the ornamentation is coarser than in the Maine shell. 

Qenus PLECTONOTUS Clarke, 1800. 

The trilobed Bellerophons, represented by the well-knoWn Bellerophon trUobaius Sowerby, 
which have commonly passed in revised classifications under the generic name Bucaniella or 

1 Clarke, J. M., The Devonian MoUuaca of the State of Para: Mus. nac. Rio de Janeiro Arch., vol. 10, p. 35, pi. 3, fig. 22, 1899 (author's English 
ed., 1900). 

t Drevermann, F., Die Fauna der Unterooblenzischichten von Oberstadtfeld bei Daun in der Elfel: Palaeontographica, vol. 49, p. 76^ pi. 9, 
figs. 6, 7, 1903. 
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Bucanella Meek, have recently been divided by Clarke ^ into two generic groups. The earlier 
group includes some minute Ordovician shells, with BucanieUa nana Meek,' from Crater Falls, 
Colo., as the genotype. Meek described the specimens of this genotype as not exhibiting any 
slit band; and in the minute Neo-Ordovician BucanieUa hoJiemica Pemer,' from the Bohemian 
Stages Jy and D^, the slit band is abo recorded as being absent, but the specimens are poorly 
preserved. It has also been inferred ^ that the slit band is absent in the likewise minute and 
poorly preserved BucanieUa trUobaia (Conrad), from the Medina group. 

Ulrich,* however, states that through the kindness of E. W. Qaypole and A. F. Foerste 
he has been enabled to see specimens of B. irilohaia (Conrad), which retained some of the shell. 
This he found to be comparatively thick and marked externally with very fine revolving lines. 
The lines of growth are very faint, and they form a broad sinus on the central lobes of the 
beak about as in Protowarthia. There is no slit band. Neither the locality nor the geologic 
formation of specimens examined by Ulrich is indicated, nor is there any intimation whether 
the absence of the slit band in the specimens may be original or is due to poor preservation. 
To judge from the descriptions, the specimens were casts preserving some of the shell substance 
rather than clean external molds. The newly discovered presence of revolving lines is inter- 
esting, especially in connection with their occurrence in similar Ordovician species from the 
Baltic region. 

The following is a translation of a statement made by Koken:* 

It is still promulgated that for Bucania a deep parallel-margined slit and a narrower band, and that for BucanieUa 
a broader, more angular sinus and lack of a real band, are characteristic. However, the middle of the dorsum in 
Bucanlellift is elevated, often quite bandlike, but the stride of growth continue across without deflection. 

A true slit band is developed near the mouth, however, in the Ordovician B. injlata Koken,' 
and a bandlike elevation is recorded in B. divergena Linnarsson,' but in Koken's descriptions 
of the remaining fourteen Baltic Ordovician species of BucanieUa no slit band or trace of slit 
band is recorded, and in some of the species it is definitely known to be absent. It is there- 
fore quite probable that in the minute Ordovician BucanieUa nana Meek a slit band is really 
absent, as is commonly supposed; but at the same time it must be emphasized that in PUctonotus 
trilobatus the slit band is faint at best, discernible only on clean, well-preserved external molds, 
frequently not discernible on external molds, and only rarely indicated on sculpture casts or 
internal molds. It is possible, too, that there may be some variability in the persistence or 
nonpersistence of development of the band. At any rate, the term Plectonotus Clarke may 
be vised for those forms in which a slit band is developed. Clarke's criterion for distinguishing 
the genus * is given in his discussion of the genus BucanieUa Meek, 1870, as foUows: 

Bucaniella must be restricted to the seamless, broad-backed trUobatus (Conrad) group. For the broad trilobed 
species having a seam I am compelled to Introduce a new name, Plectonotus, as the presence or absence of this feature 
is certainly a matter of considerable taxonomic importance. 

Bellerophon (Plectonotus) tbilobatus Sowerby. 

Plate XIV, figures 1, U, lb, 12, 13, 17, 18, 19, 28. 

It is not certain whether or not aU the specimens cited as BeUerophon trilobatv^ Sowerby 
are to be regarded as synonymous with the species described by Sowerby. Doubt was expressed 
by Sowerby *® in the original description of the species as to the identity of the typical form 
from FeUndre with the older Silurian form. He said: ''Loc. Felindre. Is the same species 
in the Caradoc [May HiU?] sandstone at Eastnor Park; northeast of Gaerfawr, Frescoed Com- 
mon; and Michaelwood Chace, Tortworth?'' 

t Clarke, J. M., The DeronJan MoUusca of the State of Para: Mus. nac. Rio de Janeiro Arch., vol. 10, pp. 3&-39, pi. 3, 1899 (author's English ecL, 
1900). 

> Meek, F. B., A preliminary list of fossils collected by Dr. Hayden in Colorado, New Mexico, and California, with a brief description of a few 
of the new species: Am. Philos. Soc. Proc., vol. 11, p. 426, 1870. 

> Pemer, Jaroslav, Systdme silurien du centre de la Boh6me, pt. 1, vol. i, Oasti^ropodes, tome 1, p. 66, pi. 86, figs. 40-42, 1903. 

• Clarke, J. M., op. cit., p. 36. 

• Ulrich, E. O., and Scofleld, W. H., The Lower Silurian Gastropoda of Minnesota: Geology of Minnesota, vol. 3, Paleontology, pt. 2, p. 848, 1807. 

• Koken, Ernst, Leitfossilien, p. 392, 1896. 

' Koken, Ernst, Die Gastropoden des baltischen UntersHurs: Acad. imp. sci. St.-P^tersbourg Bull., 5th ser., vol. 7, No. 2, p. 127, September, 1897. 

• Idem, p. 128. 

• Clarke, J. M., op. cit., p. 37. 

10 Powerby, J. C, in Murchison, R. I., The Silurian system, pt. 2, p. 604, 1839. 
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Phillips indicated three varieties of the species — a, from Baggy Point; h, from Meadsfoot 
Sands; and c, from South Petherwin — -pointing out sUght diflFerences in form; at the same time 
he associated with var. a the specimens from Felindre, Baggy Point, and Eastnor Park, the last 
being in Caradoc [May Hill?] sandstone. It is highly improbable that the May Hill and Devo- 
nian species are identical; nevertheless the characters described make it difficult to separate 
them. The species from Felindre is supposed to be the typical form, but the following refer- 
ences to the species should be made as indicating what have been regarded by authors as 
synonymous : 

?1838. Planorbia trilobatus, Conrad, New York Geol. Survey Second Ann. Kept., p. 113; name only [possibly a 
Bucaniella]. 

Fourth group of '^Saliferous sandrock'' of Eaton: Medina, N. Y. 
?1839. Planorbu trilohatus. Conrad, New York Geol. Survey Third Ann. Kept., p. C5. 

No formation or locality given. 

1839. BelleropJion trilohatus. Sowerby, in Murchison's Silurian system, pt. 2, p. 604, pi. 3, fig. 16 (type). 
Old Red sandstone (lowest beds): Felindre. 

?Not Caradoc sandstone: Eastnor Park, etc. (p. 643, pi. 21, fig. 21 (pars), =Bucaniella?). 

1840. BelUrophon trilohatus, D'Orbigny, Histoire naturelle des Cephalopoda, p. 209, pi. 7, figs. 24-27; pi. 8, fig. 13. 
No formation or locality cited. 

1841. BelUrophon trilohatus. Phillips, Paleozoic fossils of Cornwall, p. 107, pi. 40, fig. 200. 

Var. a is reported to occur in North Devon, at Baggy Point, in limestone and in other district^ at Felindre, in 
the lower part of the Old Red sandstone, and at Eastnor Park, in Caradoc sandstone, etc. Var. h has been 
found only at Meadsfoot Sands, near Torquay. Var. c at South Petherwin, in Cornwall. 
?1843. BelUrophon trilohatus. Hall, New York Geol. Survey Rept. Fourth Dist., p. 48, figs. 6, 7 [?Bucaniella]. 

Gray sandstone: Medina and Lockport, N. Y. 
1843. BelUrophon hisulcatus. Roemer, Versteinerungen des Harzgebiiges, p. 32, pi. 12, fig. 30. 

Hercynian: Kahleberg, in the Harz. 
1850. BelUrophon trilohatus. D'Orbigny, Prodrome de pal6ontologie, vol. 1, p. 31. 

No formation or locality cited. 
?1852. Bucania trilohatus. Hall, Paleontology of New York, vol. 2, p. 13, pi. 4, figs. 5a, b; 3d [?Bucaniella]. 

Medina sandstone: Medina, N. Y. 
71852. Bucania trilohata. Hall, idem, p. 93, pi. 28, fig. 10. 

Clinton: Near Blackstone's and Wadsworth's quarries, New Hartford, Oneida Coimty, N. Y. 

1855. BelUrophon trilohatus. Sedgwick and McCoy, British Paleozoic rocks and fossils, p. 311. 
Tilestones: Storm Hill, Llandeilo, Caermarthenshire. 

1856. BelUrophon trilohatus var. tumidus. Sandberger, Die Versteinerungen des rheinischen Schichtensystems, in 

Nassau, p. 177, pi. 22, fig. 1. 
Spirifer sandstone: Niederlahnstein, Fachingen near Diez, Attenhausen near Holzappel, Nassau; Kahlebeig 
in the Harz; Laubach and Winningen near Coblenz; Meadsfoot Sands and Baggy Point, Devonshire; South 
Petherwin, Cornwall. 
Pterinea shales: Singhofen, Nassau. 
1856. BelUrophon (Euphemus) quadnlohatus. Salter, Geol. Soc. London Mem., 2d ser., vol. 7, p. 214, figs. 1, 2. 

Devonian (?): Warm Bokkeveld, South Africa. 
?1858. Bucania trilohatus, Rogers, Geology of Pennsylvania, vol. 2, pt. 2, p. 822, fig. 624. 

Levant uppermost sandstones: "Long Narrows,*' below Lewistown, Pa. 
1868. BelleropJion trilohatus. Blgsby, Thesaurus siluricus, p. 145. 
?Not Ordovician: Portugal (Bronn). 
?Middle Silurian: Southwest Scotland, Malvern, Shropshire; Marlees Bay, Llanrwst, Wales; Galway, Tonle- 

gee, Ireland. 
Upper Silurian: Lammermiur, southwest Scotland; Storm Hill, Plas Madoc, Llamgadock, Felindre, etc.. 
Wales, and Shelve, Shropshire. 
1868. Bucania trilohita. Dawson, Acadian geology, pp. 498, 569, 605. 

Upper Arifiaig or newest Silurian: East River, Pictou, Nova Scotia. 
Upper Silurian [Arisaig beds]: Arisaig, Nova Scotia. 

Nictau coarse limestone (loose), below the Oriskany ferriferoiis beds: Nictau, Nova Scotia. 
1873. BelUrophon trilohatus. Salter, Catalogue of Cambridge Museum, pp. 97, 192. 
1879. Bucania trilohatus. Derby, Mus. nac. Rio de Janeiro Arch., vol. 2, p. 92. 
1879. Bucania trilohata. Derby, Am. Philos. Soc. Proc, vol. 28, p. 168. 

1884. BelUrophon trilohatus. Lindstr6m, Silurian Gastropoda and Pteropoda of Gotland, pp. 18, 19, 80, pi. 4, figs. 
13-15. 
Wenlock shales: Wiaby and Hablingbo, Gotland. 
Neo-Silurian oolite and sandstone: Bursvick, Gotland. 
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1884. Bellerophon tumidus. Beushausen, Abh. geol. Specialkarte Preussen, vol. 6, pt. 1, p. 44. 

HauptrSpirifer sandstone: Kahlebeig, Schalk, Bocksbeig, etc., in the Harz Mountains. 
1889. Bellerophon tumidus. Fr. Sandberger, Nassauischer Verein Naturkunde Jahrb., Jahig. 42, pp. 13, 25. 
cf. 1890. Bellerophon sp. Derby, Mus. nac. Rio de Janeiro Arch., vol. 9, p. 77. 

Devonian: Chapada, 30 miles northeast of Cuyaba, Matto Grosso, Brazil. 
1892. Bellerophon sp. indet. Ulrich, Neues Jahrb., Beilage Band 8, p. 41. 

Eo-Devonian, Conularia beds: Between Oconi and Pulquina, Bolivia. 
1895. Bellerophon tumidus. Kayser, Soc. geol. Belgique Annalee, vol. 22, p. 182, pi. 4, figs. 7, 8 (not 5, 6). 

Upper Coblenzian: Pepinster, Belgium. 
1899. Bellerophon trilohatus. Peach and Home, The Silurian rocks of Britain, vol. 1, Scotland, jjp. 681, 714. 

Not Ordovician: South Scotland (pp. 681, 696). 

Wenlock-Ludlow beds: Kirkcudbright, Riccarton, etc., South Scotland. 
71899-1900. Btuxiniella trihbata var. viramundo. Clarke, Mus. nac. Rio de Janeiro Arch., vol. 10, pi. 2, figs. 20-22, 
1899 (author's English ed., p. 18, 1900).* 

Silurian: Rio Trombetas, Para, Brazil. 
189^1900. Bumniella reissi. Clarke, idem, p. 37, pi. 3, figs. 7, 8, 9. 

Eo-Devonian: Rio ^iaecuni. Para, Brazil. 
1899-1900. PkcUmotusf salteri, Clarke, idem, p. 39, pi. 3, figs. 12, 13.* 

Eo-Devonian: Rio Maecuru, Para, Brazil. 
1899-1900. Plectonotus derhyi. Clarke, idem, p. 38, pi. 3, figs. 14-18.' 

Eo-Devonian: Rio Maecuru, Para, Brazil. 

1902. BelUrophont (Bucanellaf) tumidus. Drevermann, Palaeontographica, vol. 49, p. 77. 
Lower Coblenzian: Oberstadtfeld, near Daun, in the Eifel. 

1903. Bucaniella reissi. Katzer, Geologie des Unteren Amazonasgebietee, p. 198, pi. 12, fig. 11. 

1903. Plectonotusf salteri. Katzer, idem, p. 198, pi. 12, fig. 10. 
Eo-Devonian: Rio Maecuru, Para, Brazil. 

1904. Bellerophon quadrilohatus Salter. Reed, South African Mus. Annals, vol. 4, pt. 6, p. 242. 
[Eo-Devonian]: Warm Bokkeveld, South Africa. 

1904. Bellerophon (Bucaniella) aff. B. trilohatus (Sowerby). Reed, idem, p. 242, pi. 30, fig. 5. 

[Eo-Devonian]: Gydo Pass, South Africa. 
1904. Bellerophon (Bucaniella) cf. B. reissi. Reed, idem, p. 243, pi. 30, fig. 6. 

[Eo-DevonianJ: Road cut, north of \Miupperthal, South Africa. 
1904. Bellerophon (Plectonotus) aff. B. salteri Clarke. Reed, idem, p. 243, pi. 30, fig. 7. 

[Eo-Devonian]: Road cut north of WTiupperthal, South Africa. 
1906. Bellerophon reissi Schwartz, Albany Museum Rec, vol. 1, pt. 6, p. 402, pi. 8, fig. 1. 

Bokkeveld beds: Warm Bokkeveld, Ceres, Cape Colony. 

1906. Bellerophon trilohatus. Schwartz, idem, p. 403, pi. 8, fig. 2.* 
Bokkeveld beds: Warm Bokkeveld, Ceres, Cape Colony. 

1907. Bellerophon (PlectoTiotusf) gaspensis. Clarke, New York State Mus. Bull. 107, p. 194, figs. 
Lower Devonic: Grande Greve, Quebec. 

Shell globular, symmetrically plane coiled, whorls between 2 J and 3}, rapidly and regularly 
expanding, the body whorl composing the visible bulk of the shell. The apical whorls are 
minute inclosed and hidden within the body whorl. The back is trilobed; there is a broad 
median convex saddle with a shallow but distinct furrow on each side serving to demarcate a 
lateral wing on the outer side. These two furrows are always distinctly and sometimes strongly 
developed, though they are variable in different individuals. They increase in width and 
usually in depth with age and are visible in the youngest specimens. The median lobe is par- 
ticularly variable in convexity. Occasionally the median lobe is strongly convex or inflated, 
but in most specimens it is depressed-convex along the center. On the median lobe of some 
specimens, for a portion of the whole of the body whorl there are developed two faint parallel 
minor grooves which divide the median lobe into three obscure, nearly equal strips. The central 
strip apparently bears the slit band or represents it and is more conspicuous on the internal 
molds than on the exterior. The lateral lobes of the shell expand in width gradually from the 
earlier whorls and rapidly on the last half of the body whorl. In dorsal aspect they are usually 
about half the width of the median lobe. Sculpture casts and internal molds show a large, 

1 In this species the medium lobe is a little smaller, relatively, than usual. 

> As is shown by Clarke's fig. 12, the apertural sinus in this form is much shallower than in the Maine forms. 

> As illustrated in Clarke's fig. 17, the inner end of the apertural sinus is more pointed and angular than in the Maine forms, where the margins 
are nearly parallel some distance below the end. 

* This form differs from the preceding in exposing more of the inner whorls. There is variability in this respect among the Maine fossils, which 
is increased by diflerenoes in preservation. 
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well-defined, deep umbilicus, but this is nearly filled by the thickness of the shell and the lateral 
expansions of the mouth, so that the umbilicus is really narrower, though fairly deep and broad. 
The aperture is slightly expanded, and the peristome, in well-preserved specimens, shows a 
deep triangular sinus, which cuts into the margin of the aperture for a distance equal to the width 
of the median lobe. The edge of the lip is turned slightly outward at the extreme apex of the 
sinus, though the peristome in general does not flare at the edge. Two faint grooves are occa- 
sionally seen on the median lobe arising from the sides of the inner end of the sinus, inclosing 
a narrow flattened medial band which may represent the slit band, but this band is very indis- 
tinct and in specimens that show it best affects only the outer third of the last whorl. Outside 
and inside molds are generally quite smooth; but exceptionally clean molds of the exterior 
show very faint regular lines of growth, closely crowded, about six or seven to the millimeter. 
The dimensions of one of the largest and best preserved specimens are, width of aperture from side 
to side, 16.5 millimeters; diameter of last whorl from center of lip to opposite side of whorl, 
17 millimeters; width of body of whorl one-half revolution back from lip, 7.5 millimeters; 
depth of sulcus from outer edge of lip, 8.5 millimeters; width of central lobe at edge of lip, 10 
millimeters. The smallest individual has a length of 7 millimeters. The average length of 
the specimens is 12 to 14 millimeters. 

Locality: This is one of the very few species common to both the Chapman and the Moose 
River sandstones, in both of which it is fairly abundant. In the Chapman the species is common 
in the sandstones west of Presque Isle Stream (locality 1099 J) and also occurs in loose bowlders 
in Edmunds Hill GocaJities 1099 C, 1099 K). In the Moose River sandstone at Detroit, Somerset 
County, the species is also fairly abundant. In size, outline, convexity, relative development 
of lobes, apertural sinus, slit band, and ornamentation I have not been able to distinguish the 
forms from the two horizons. 

U. S. National Museum, catalogue Nos. 59843 to 59847. 

Comparisons. — In the synonymy of P. trilohcUus are included forms which are called by 
different names but which in size, outline, convexity, relative development of lobes, etc., do 
not depart from the specific type. As for the more precise details of the apertural sinus and the 
presence and strength of the revolving lines, which have been shown by Koken to be important 
specific characters in the species of Bucanella, too Uttle is known of the forms cited above to 
warrant separating them at present. The species, or at least this specific type, has a long 
range in time and is widespread in areal extent. 

GenuB TBOPIDODISCnS Meek, 1866. 

In the Ordovician, Silurian, Devonian, and Carboniferous, and particularly in certain horizons 
of the upper part of the Silurian and the Lower Devonian appear some laterally compressed, 
lenticular, keeled, deeply involute Bellerophons without sht band, in which the aperture is 
not expanded and which are marked on the surface by concentric lines of growth. For such 
shells the generic name Tropidiscus (type BeUerophon curvUineatiLS Conrad,* Eo-Devonian) 
was proposed by Meek ' in 1866, but as the name Tropidiscus was preoccupied. Meek shortly 
afterward changed it to Tropidodiscus ' and included in the genus a second species, the Missis- 
sippian (Kinderhook) from B. cyrtolites Hall. 

In 1882 and 1883 De Koninck,* recognizing the preoccupancy of Tropidiscus but appar- 
ently neglecting the corrected name Tropidodiscus Meek, proposed the new term Tropidocyclus 
(type B. curvilineaius Conrad), including in the genus two or three new species from the lower 
Mississippian (Toumaisian) and higher Carboniferous Umestone (assises VI) of Belgium. In 
discussing these forms in 1899 Clarke ^ proposed that the name Tropidocyclus De Koninck be 

1 See Hall, James, Paleontology of New York, vol. 5, pt. 2, p. 94, pi. 22, figs. 1-6, 1879. 

s Meek, F. B., Chicago Acad. ScL Proc., vol. 1, p. 9, 1866. 

* Meek, F. B., Dlixiois Qeol. Survey, Paleontology, vol. 1, p. 160, 1866. 

4 De KoDiDck, L. O., Notice sur la famille des BellerophontldsB suivie de la descrlptkm d*un nouveau genre de oette famllle (Waagenia): Soo. 
tgkL Belglque M^., vol. 9, p. 83, 1882; Faune du calcaire carbonif^ de la Belglque, pt. 4, Oast^ropodes: Mus. roy. hist, nat Belgiqne Amiales, 
TOL 8, pp. 123, 160, pis. 42 bis, 43 (pars), 1883. 

» Clarke, J. M., The Paleozoic faunas of Para, Brazil; Devonian Mollusca: Mus. nac. Rio de Janeiro Arch., voL 10, pi. 3, flips. 10, 11, 1899 (aathor's 
English ed., pp. 39-40, 1900). 
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restricted to the Carboniferous forms characterized by " their lateral appression, narrow dorsum^ 
small umbilicus, and conspicuously^ the character of their ornamentation/' such as T. rotvla 
and T. ffratiosus, and including B. cyriolites Hall, and that the name Tropidodiscus Conrad be 
restricted to cover such forms as B. curvUineatus Conrad, in which the shell is " lentif orm, sharply 
keeled, and deeply involute, without expanded aperture or peripheral seam, and with rather 
coarse concentric growth wrinkles/' Koken's name Oxydiscus * (type 0, imitator Koken; 
Meso^Devonian) has been applied by European authors ' to similarly compressed keeled shells, 
identical with the Tropidodiscus of Meek as amended by Clarke. In the Ordovician species 
included by Koken * in Oxydiscus the whorls are not involute, and the shells hence differ from 
typical Oxydiscus. 

For shells of similar form which display revolving lines or ornamentation, Pemer * proposed 
the name Cyrtodiscus; but it is questionable whether on this ground alone Pemer's genus is 
vaUd. 

Koken's genus Temnodiscus superficially resembles the group of Tropidocyclus De Koninck, 
as amended by Clarke, but it is described in Koken's ''Leitfossilien" as having a distinct slit 
band. In 1897, however, Koken * stated that no sUt band occurs in Temnodiscus, and he was 
followed in his assertion by Pemer," who made the distinction between Temnodiscus and Oxy- 
discus [Tropidodiscus] lie in the more rapid expansion of the body whorl in Temnodiscus. 

I have adopted the term Tropidodiscus in the sense evidently intended by Meek in 1866, in 
using the species Bellerophon curvilineatus Hall as type, and regard the name Oxydiscus Koken, 
1896, as a synonym; Temnodiscus Koken, 1897, and Cyrtodiscus Pemer, 1903, are held to be 
either synonymous with or subordinate to Tropidodiscus Meek. 

Tropidodiscus obex Clarke.^ 

Plate XIV, figuies 3-10, 16, 21. 

71839. BelleropJum carinatuH. Sowerby, in Murchiflon's Silurian system, p. 604, pi. 3, figs. Id., 4. 

Lowest '^Old Bed sandstone'' or ''Passage beds": Horeb Chapel, Caermarthenshire. 
1900. Bellerophon carinatus. Williams, U. S. Geol. Survey Bull. 165, pp. 85, 86. 

Chapman sandstone: Edmunds Hill, Chapman, Maine. 
1907. Tropidodiscus obex. Clarke, New York State Mus. Bull. 107, p. 193, figs. 

Lower Devonic: Edmunds Hill, Chapman Township, Maine. 

Shell a lenticular disk, whorls 3 to 3i; expanding with moderate rapidity; deeply involute^ 
embracing more than half the inner whorl. UmbiUcus of moderate width, depth, two-thirds 
the width or slightly more, bomided by a rounded ridge. An external mold of the umbihcns 
of the right side resembles a little turbinate gastropod, while that of the left side might be easily 
ixiistaken for a Uttle sinistral gastropod like Cliospira. The internal whorls are exposed to good 
advantage only in very clean internal molds. The distance from the inner hp across the apex 
to the opposite, inner suture of the body whorl is equal to about two-thirds the distance from 
the inner suture continued to the dorsal edge opposite the mouth. There appears to be no 
callosity on the inner lip. In cross section the whorl is compressed, approximately an equilat- 
eral triangle; dorsum subangular, with lateral profiles mostly convex to the umbilical ridge. 
In this distance is included an angle of about 60°, or very slightly over 60°. On the clean inter- 

1 Koken, Ernst, Entwickelung der Gastropoden von Cambiluin bis zur Trias: Neues Jahrb., Beilage Band, vol. 6, p. 390, 1885; Die LeitfOBsiUenr 
p. 100 (not p. 393), 1896. 

> Freeh, Fritz, and Loeschmann, E., Ueber das Devon der Ostalpen; III, Die Fauna des unterdevoniscfaen RiflkaUces, 1: Deutsch. geol. 
Gesell. Zeitschr., vol. 46, p. 463, pi. 34, figs. 2a-2c, 1894 (0. geyeri Freeh; O. delanovi Oehlert). Tschemyschew, T., Die Fauna des unteren Devon 
am Ostabhange des Urals: Com. g^l. M^m., vol. 4, No. 3, pp. 29, 160, pi. 3, fig. 2, 1893 (O. minimtu Tschemyschew; not the other species here cited 
under Oxydiscus). 

* Koken, Ernst, Die Gastropoden des baltischen Untersilurs: Acad. imp. sci. St.-P^tersbourg Bull., 5th ser., vol. 7, No. 2, pp. 130-131, Septem- 
ber, 1897. 

* Pemer, Jaroslav, Systteie silurien du centre de la Bohdme, pt. 1, vol. 4, Gast^ropodes, tome 1, p. 74, 1903. 

ft Koken, Ernst, Die Gastropoden des baltischen Untersilurs: Acad. imp. sci. St.-Pet^rsbourg Bull., 5th ser., vol. 7, No. 2, p. 129, 1807. 

* Pemer, Jaroslav, op. cit, p. 75. 

> In the preparation of this report the specimens here listed were referred to Sowerby's species Bellerophon caririattu. As, however, before the 
report was ready for publication Clarke proposed the name obex for specimens derived from the same locality, undoubtedly the same forms, I have 
adopted his name as applicable, aUhou^ there appear to be no constant differences by which the Maine shells can be distinguished from the speci- 
mens to which Sowerby's name is applied in Great Britain. 
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nal mold there is a slight concavity in the profile just below the dorsum. In the imperfect casts 
which represent the usual aspect of the species in the Chapman sandstone the profile is com- 
monly convex from dorsum to umbilical ridge; m a few specimens, however, an exceedingly 
faint constriction of semiconcavity is developed either midway down the side or shortly above 
the umbilical ridge, causing the ridge to bulge more pronouncedly. 

From the rounded umbilical ridge the profile in transverse section slopes inward and down- 
ward on the ventral side of the whorl in a concave or sigmoidal line to the suture. Between the 
sutures the ventral side of the whorl is arched up by the dorsum of the preceding whorl into a 
deep groove, semicircular in section and equal in width to one-fourth the width of the whorl. 
No revolving lines have been observed in this groove. The height of the whorl in cross sec- 
tion is 1| times the width (in clean internal mold). The mouth is only slightly, if at all, longer 
than wide and is not expanded. A slight apertural sinus is developed. There is no slit band 
on the dorsum. In one specimen a narrow impressed striation revolves part way along one 
side of the dorsum, but this may be due to crushing. 

In two well-preserved fragments the surface is covered with fine raised lines of growth, 
barely visible to the naked eye, separated by interspaces of equal width; there are about five of 
these lines in the space of 1 millimeter.* The lines of growth sweep back in a broad curve 
approaching the dorsum; ventrally they die out just within the umbilical ridge. There is no 
ornamentation in the umbilicus. In a small fragment showing an exceptionally well preserved 
mold of the external siuface (PI. XIV, fig. 3) very fine revolving lines, finer than the lines of 
growth and canceUating them, are observable with a magnifying glass. Internal molds and 
the common sculpture casts are smooth. 

A large individual has a length of 26.5 millimeters, a height of 15 millimeters, and a width 
of 10.5 millimeters. Some other specimens have the following dimensions* 

Dimensions of specimens of Tropidodiscus obex. 



Length 
(miUimeten). 


Height 
(millimetera). 


Width 
(millimeters). 


20.5 

20.75 

13.66 


17.5 

16 

10 


8.75 
10 
5 



Some of tins variability appears to be due to distortion by pressure in the rock. 

Locality: Abundant in the Chapman sandstone, Edmunds Hill (localities 1099 M, 1099 C), 
Chapman Township, Aroostook County, Maine. The same form seems to occur also in the 
Moose River sandstone at Detroit and Parlin Pond, Somerset County, Maine, accompanying 
the species T. somerseti, described below. 

U. S. National Museum, catalogue Nos. 59848 to 59851. 

Spedfid relations. — 'This shell is very similar to BeUerophon (Oyrtodiscus) compresaua Sand- 
b<erger,* from the basal Meso-Devonian Wissenbach shales, but T. obex is more deeply involute 
and its ventral profile within the umbilical ridge is sigmoidally concave, instead of convex. 
The ventral groove in the base of the whorl is deeper in the Chapman fossil and lacks the four 
furrows developed in the German form. 

Tropidodiscus (Temnodiscus) somerseti sp. nov. 

Plate XIV, figure 22. 

In the Moose River sandstone at Detroit, Somerset County, Maine, occur a few specimens 
of a Tropidodiscus which at first glance appears to be identical with the Chapman T. obex. 
Close examination, however, shows the Detroit specimens to be slightly narrower; the body 
whorl expands a trifle more rapidly than in the Chapman species, and the umbilicus appears to 

1 Saodberger, Ouido and Fridolin, Die Versteinerungen des rheinJschen Schlchtensystems in Nassau, p. 180, pi. 22, figs. 6-6f, 1856. 
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be somewhat broader. These characters will serve to distinguish the species. Only faint 
growth lines have been observed. Specimens showing the revolving lines, if indeed these exist, 
have not yet been found. 

Locality: Moose River sandstone, Detroit, Somerset Coimty, Maine. 

U. S. National Museiun, catalogue No. 59852. 

Comparisons. — Shells of the type of T. somerseii are widespread in the Eo-Devonian and 
Meso-Devonian of Bolivia, Argentina, Brazil, and South Africa, where they are usually identified 
with BeUeropTum [ Temnodiscus] giUettianus Hartt and Rathbun. The originals of T. giUettianus 
from the Meso-Devonian fauna of Erere, Para, Brazil, differ from Tropidodiscus somerseti in 
having a broader dorsum, three-quarters of a whorl less, and the whorls less deeply involute.' 
Tropidodiscus (Temnodiscus) somerseti bears a close resemblance also to figures of the Bohemian 
Ordovician Sinuitopsis neglecta (Barrande) var. transgrediens Pemer,' but the Maine shell has a 
narrower dorsum and half a whorl more, and the whorls are more deeply involute than in the 
Bohemian Ordovician shell. 

Tropidodiscus minimus var. americanus var. nov. 

Plate XIV, figures 2, 11. 

71893. Oxydiaciu minimus. Tschemyschew, Com. g^l. M6m., vol. 4, No. 3, p. 160, pi. 3, fig. 4. 

Eo-Devonian: Smelting pool, 4 versts northeast of the Bogosslowsk mines, eastern Ural Mountains. 

A single specimen from the Chapman sandstone agrees in its extreme compression, general 
outline, convexity, number and depth of whorls, umbilicus, and ornamentation with Tschemys- 
chew's description and figure of Oxydiscus minimus, from the Eo-Devonian of the eastern Ural 
Mountains. It is, however, about twice as large as that species. Tschemyschew compared 
his Oxydiscus minimus with Oxydiscus orhiculus (lindstrom), distinguishing the two by the lesser 
involution of the whorls in 0. orhiculus. Lindstrom's species has two whorls more than the 
Chapman species, and if 0. minimus has the same large number of whorls as Lindstrdm's species, 
it is qiute distinct from the Chapman fossil. The figures do not indicate this, however, and the 
Maine specimen is referred to a variety of the Russian species with the following characters: 

Shell small, very much compressed, discoid, symmetrically plane coiled, whorls between 
2 J and 31, expanding with moderate rapidity; deeply involute, inclosing about half or more of 
the preceding whorl when the shell is preserved, but apparently much less involute when the 
shell substance is removed. Umbilicus broad, open, deep, bounded by a rounded ridge. In 
cross section the whorl is very much compressed, with sharply carinated narrow keel, on each 
side of which the profile is concave for a short distance, then becoming convex as far as the 
rounded xunbilicus ridge. In this distance is included an angle of less than 60°. The profile then 
bends inward, and on the ventral side the whorl is deeply excavated by the preceding revolution. 
The height of the whorl is equal to about one and eight-tenths times the width. The mouth is 
longer than wide, is not appreciably expanded (note cross section of the whorl), and is character- 
ized by a very deep A-shaped sinus. This sinus extends nearly one-fifth of the revolution, 
and the close subparallel edges at the upper end give it the appearance of a typical Bellerophon 
or Emarginula slit. No true sHt band is demarkable on the dorsum. The whorl on the inner 
side of the mouth, appears to have been covered with a membranous expansion of the peristome, 
though this conclusion may be erroneous. 

The surface is covered with exceedingly fine concentric Hnes of growth, which arch slightly 
backward over the sides of the whorl and very far backward on the dorsal keel, where they 
become nearly parallel to the dorsal edge of the shell. These lines are very f aint^ being barely 
visible under a hand lens. 

Length, 10.7 millimeters; height, 10 millimeters; width, 4 millimeters. 

Locality: Chapman sandstone, west of Presque Isle Stream flocality 1099 J), Chapman 
Township, Aroostook County, Maine. 

U. S. National Museum, catalogue No. 59853. 

1 See Garke, J. M., The Devonian MoUusca of the State of Para: Mus. nac. Rio de Janeiro Arch., vol. 10, p. 40, pi. 3, figs. 10-11, 1809 (author's 
English ed., 1900). 

> Pemer, Jaroslav, op. cit., p. 71, text figs. 4&-47, pi. 88, flgs. 33,35, and 37. 
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FamOy PLEUROTOMARIIDiC D'Orbigny. 

No representatives of the genus Pleurotomaria De France or of its multitudinous subgenera, 
which are so widespread in Paleozoic faimaS; have been recognized up to the present time in 
the Chapman fauna. The form listed as Pleurotomaria sp. in the preliminary catalogue of the 
Chapman species * belongs to Pernor's genus Pseudotectus; Clarke also mistook the same shell 
for a Pleurotomaria, referring it to the genus or subgenus Eotomaria. 

Several species present in the Chapman fauna, however, are referable to several of the 
groups of the old genus Murchisonia of authors. 

Genus " MUBCHISONIA " of authors. 

Genus MESOCCELIA Pemer, 1907. 

Mesocoelia was proposed by Pemer' as a subgenus of Murchisonia and includes an easily 
recognized, characteristic type of shell distinguished by the exceedingly terrete spire, with a 
TniniTTniTTi number of 13 to 20 or more whorls. Owing to the slenderness of the spire, the entire 
spire is only rarely preserved; hence the total number of whorls is rarely apparent. Mesocceha 
differs from Ccelocaulus Oehlert ( = Coehdium Clarke and Ruedemann), Ptychocaulus Pemer, 
Turritoma Ulrich and Scofield, Catozone Perner, and similar exceedingly terrete miu'chisonoid 
shells by having the whorls cylindrically rounded and widest near the middle, with more deeply 
excavated sutures; moreover, the slit band is very faint, frequently not discernible, and is 
situated on the middle of the whorls, instead of near the suture. A few whorls, especially in 
senile shells of Mesoccelia, commonly show an obscure angulation on the periphery, less pro- 
noimced than in Goniostropha and not at all persistent. From the somewhat similar round- 
whorled Hormotoma Salter Mesocc&lia is easily distinguished by its slender, terrete spire and 
more nimierous and narrower whorls. 

Pemer includes in MesocoBha seven or eight species from the Lower Ludlow and Aymestry 
f aimas in the limestones of the Bohemian 6tage E'. To the genus are also referable Murchisonia 
compressa Lindstrdm,'* from the Ostergarn lower limestone, of similar age, in Gotland; Ccelidium 
strebhcerds Clarke,* from the Devonian limestones at Dalhousie, New Brunswick; the present 
Chapman species described below; and perhaps ako the British species TurriteUa or Hohpetta 
ohsoleta Sowerby,* from the Tilestones of Horeb Chapel and Felindre, and the Eo-Devonian 
Murchisonia hehe Billings,' which is widespread in the Grande Greve limestone at Grande 
Greve, Indian Cove, etc., Gaspe Bay. 

Mesoccelia tenuella sp. nov. 

Plate XIII, figures 6-11. 

1907. CiBlidium tenue (para). Clarke, New York State Mus. Bull. 107, p. 190 (?), left-hand figure only; not descriptive 
text. 
Lower Devonic: Presque Isle Stream, Chapman Plantation, Maine. 
(?) Limestones: Dalhousie, New Brunswick. 

Numerous incomplete spires of a very high spired, many-coiled Loxonema-like Murchisonia 
occur in the Chapman sandstone. The whorls are deeply rounded, with prominently excavated 
oblique sutures; the width of each whorl at right angles to the sutiu*e is three-fifths the "length" 
exposed between sutures. The umbilicus is minute or absent, and no reflection of the aperture 
is apparent. An obscure angulation, evidently indicating the position of the slit band, is evident 

1 Wflliams, H. S., and Gregory, H. E., Contributions to the geology of Maine: U. S. Oeol. Survey Bull. 165, p. 86, 1900. 
> Pemer, Jaroslav, Systdme silurien du centre de la Bohdme, pt. 1, vol. 4, Oast^ropodes, tome 2, p. 113, 1907. 

* LindstrOm, Oustaf, On the Silurian Gastropoda and Pteropoda of Gotland: Roy. Swedish Acad. ScL Trans., vol. 19, No. 6, p. 129, pi. 12, figs. 
15-19, 1884. 

4 Clarke. J. M., New York SUte Mus. Bull. 107, p. 189, fig., 1907. 

B Sowerby, J. C, in Murchison, R. I., The Silurian syst«m, p. 603, pi. 3, figs. 7a, 12f, 1839. 

• Clarke, J. M., Early Devonic history of New York and eastern North America: New York State Mus. Mem. 9, p. 153, pi. 17, figs. 31-32, 1906; 
as CaUdium hebe (Billings, 1874). 

50245°— No. 89—16 18 
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* 

in many molds, especially on the latest whorls. When present it is at the midheight of the 
whorl rather than nearer the suture. The shell is nacreous on the interior. The sxuf ace orna- 
mentation must have been very faint, for it is not preserved. 

Locahty: Common in the Chapman sandstone 2 miles west of Presque Isle Stream, Chap- 
man Township, Aroostook County, Maine. What is apparently the same form occurs at the 
end of the Tweedy road on Presque Isle Stream GocaUty 1099 L). This seems to be the shell 
referred to by Clarke as identical with his Ccdidium tenue, A similar shell is rare on Edmunds 
Hill GocaUty 1099 C). 

U. S. National Museimi, catalogue Nos. 59854-59856. 

ComyamoTw?.— The text describing Qarke's Codidium tenue, like his right-hand figure, refers 
to an angulated Murchisonia comparable with Oehlert's genus Goniostrophia. Clarke also com- 
pares Codidium tenue with such angularly keeled murchisonids ( ? Goniostrophia) as M. losseni 
Kayser, from the German Eo-Devonian, and M, anguLata Phillips and varieties, from the 
Stringocephalus zone of the Meso-Devonian. Clarke's description of "sharply keeled whorls 
margined by a simple sUt band to which the surface slopes in an almost direct plane without 
either convex or concave curvature" does not apply to any of our shells, nor does it apply to the 
form shown in Clarke's left-hand figure, which resembles the shells here imder discussion, but 
shows a sUghtly greater apical angle and a more conspicuous slit band. 

Mesocodia tenuella sp. nov. seems most nearly allied to the imperfectly known British Tile* 
stone Meaocodiaf ohsoleta (Sowerby), from which it can with difficulty be distinguished. The 
Chapman shell, however, seems to have decidedly more than the nine whorls mentioned by 
Sowerby for M. ( ?) ohsoleta and the whorls appear to be perhaps a trifle more inflated. 

Mesogcblia? sp. cf. M. compacta (Hall). 

The Chapman f aima includes representatives of a group of MurchisonisB related to Mesocoelia 
Pemer which may, however, prove distinct from the extremely tall spired, typical forms of 
MesocoeUa. The shells referred to conform with MesocoeUa in the large number of whorls and, 
Uke Pemer's genus, differ from Ccelocaulus Oehlert in having the whorls more cylindrically 
rounded and the sUt band less conspicuous and situated on the middle of the whorls rather than 
near the suture. The shells differ markedly from typical MesocoeUa in having the whorls more 
compressed or compact, with less width between sutures, thus producing a shorter spire. The 
group includes the middle Silmian Mesocmlia compressa (Lindstrom),* from the lower limestones 
of Ostergarn; Murchisonia longispira Hall * and Murchisonia logani Hall,* both from the Guelph 
dolomite at Gait, Ontario; the basal Helderbergian Loxonemaf compcu^ta Hall,^ from the lower 
part of the Coeymans ("Pentamerus") limestone of the Helderberg group, Schoharie County, 
N. Y. ; and the present species, from the late Helderbergian f aima of the Chapman sandstone. 
Lindstrom's species has the perforate axis and reflected lip of Coelocaulus Oehlert, but the whorls 
are deeply rounded and the sUt band is at the midheight, as in the Mesocoelia of Pemer. 

The Chapman specimens are fragmentary spires which are characterized by narrow whorls; 
in external molds the width of the whorl between sutures is only two-fifths the length, and in 
internal molds the whorls appear narrower still. The whorls are deeply rounded. There does 
not appear to have been any umbihcus or perforation in the narrow axis. The slit band when 
best preserved is only indistinct; it appears to be at the midheight in the upper whorls, where the 
faint striaB of growth that mark the surface make a broad reentrant angle. 

The fragments resemble Mesoccdia compacta (Hall) in the narrowness of the whorls and in 
the apparently somewhat fusiform shape of the spire, but the whorls in the Chapman shell are 
more cylindrical and have deeper sutures, in these respects approaching those of Lindstrdm's 
Grotlandian species Mesocmlia compressa, 

I LlncbtrOm, Oustaf, The Silurian Gastropoda and Pteropoda of Gotland, p. 129, pi. 12, flga. 15-19, 1884. 
I Hall, James, Paleontology of New York, vol. 2, p. 345, pi. 83, figs. 1, 2, 1852. 
* Idem, p. 346, pi. 83, figs. 4a, b. 
«Idem, vol. 3, p. 297, pi. 54, fig. 12, ISfiO. 
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Locality: Several fragmentary spires, too incomplete for full specific description, occm' in 
the softer beds of the Chapman sandstone along Presque Isle Stream, near the Tweedy road 
GocaUty 1099 A), Chapman Township, Aroostook County, Maine. 

U. S. National Museum, catalogue No. 59857. 

Genus C(ELIDIUM Clarke and Buedemann, 1903 (^CCELOCATTLUS Oehlert, 1888). 

The genus Coelocaulus was proposed by Oehlert* in 1888 for highly turriculate murchisonoid 
shells which differ from Hormotoma Salter in possessing a narrow umbilicus that extends as a 
straight hollow canal up the vertical colimiella and which have also a reflection of the hp. 
Other and perhaps more conspicuous characters which distinguish Ccelocaulus are the flattening 
of the whorls above the slit band, the shallow sutures, the position of the sUt band near the 
suture in the upper whorls, and the usually greater number of whorls. The generic name 
CceUdium was proposed by Clarke and Ruedemann * to supplant Oehlert's generic name Ccelo- 
caulus on the ground that the latter was preoccupied by Hall and Simpson, 1887, for a sub- 
genus of Bryozoa imder Callopora. 

From Coelocaulus there have been more recently dissociated the genera Ptychocaulus 
Pemer, 1907; Catozone Pemer, 1907; and Turritoma TJlrich and Scofield, 1897. Ptychocaulus, 
of which Murchisonia bivittaia Hall, from the Guelph dolomite of Ontario and contemporaneous 
beds in Indiana is a characteristic American species, has a secondary plication on the columellar 
Up ; the genus Catazone has the whorls rounded as in Hormotoma and Mesoccelia; and Turritoma 
has the whorls flattened or even concave in the middle and also lacks the imibiUcus or perforated 
columella of Coelocaulus, Ptychocaulus, and Catazone. All four groups agree, however, in 
having the slit band only slightly removed above the suture. 

CCELIDIUM cf. C. PLANOGYBATUM (Hall). 
Plate XIII, figure la. 

71859. Loxonema planogiprata. Hall, Paleontology of New York, vol. 3, p. 298, pi. 54, fig. 13. [Coeymans] "Penta- 
merus" linaeetone of the Helderberg: Schoharid County, N. Y. 

A third type of Murchisonia in the Chapman sandstone has the whorls flatter and the 
sutures less deeply excavated than in the types already described ; in the upper whorls the slit 
band is below the midheight and only a little above the suture. In these features the shell 
conforms with the superficial characteristics of Coelidium {=^Ca>locavlus)^ but the columellar and 
apertural characters have not been observed. 

The width of the whorl between sutures is three-fifths of the length. The broad and, in 
external molds, fairly conspicuous slit band produces a blunt vertical subangulation in the 
lower part of the whorl. The sUt band is separated by hardly more than its width from the 
suture ; above the band the surface of the whorls is nearly plane — ^hardly at all inflated. 

Locahty: Chapman sandstone, along Presque Isle Stream, near the end of the Tweedy 
road (locality 1099 L), Chapman Township, Aroostook County, Maine. 

U. S. National Museum, catalogue No. 59858. 

Comparisons. — ^The shell resembles Coelocavlus davidsoni Oehlert' from the French (May- 
enne) Eo-Devonian; Murchisonia [CcelocaultLs] cingulaia (Hisinger)* and M. [C] obtusangvlaia 
Lindstrom,* from the highest Silurian limestones of Gotland; and M. [C] egregia Billings,' from 
the Oriskany fauna of Gaspe; but in the Chapman shell the whorls are a trifle wider ('^taller") 
in proportion to their length. Still closer resemblance to the Helderbergian Loxonema plano^ 
gjfrata Hall, from which, indeed, the Chapman shell seems indistinguishable; but it must be 
emphasized that both the Chapman and Helderberg fossils are very poorly preserved. 

1 Oehlert, D. P., Descriptions de quelques esptees d^vonleimes du d^p&rtement de la Mayeime: 8oc. Etudes scl. Angers Bull, for 1887, p. 20, 1888. 
> Clarke, J. If., and Ruedemann, Rudolf, Ouelph fauna in the State of New York: New York State Mus. Mem. 5, p. 65, 1903. 

* Oehlert, D. P., op. cit., p. 21, pi. 7, fig. 4. 

* SeeUndatrOm, Oustaf, op cit., p. 127, pi. 12, figs. 9. 10. 

* Idem, p. 128, pi. 12, fig. 12 (not fig. 7, whk:h is a Ooniostropha). 

* Clarke, J. M., New York State Mus. Mem. 9, p. 152, pi. 17, figs. 29-dO, 1906. 
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GenuB OONIOST&OPHA Oehlert, 1888. 

The genus Ooniostropha Oehlert was defined to include some French Eo-Devoman elon- 
gated Murchisonia* having the slit band situated on a prominent and persistent angulation of 
the whorls which occupies the midheight between the sutiu*es. The position of the slit band 
is similar to that in Honnotoma Salter, from which Oehlert's genus is easily distinguishable by 
the angulation and by the typically flat, sloping profile of the whorls from the keeled band to 
the sutures. From CoeUdium (Ccelocaulus) Ooniostropha is distinguished by its more pro- 
nounced angulation and by the position of the angulation and sht band near the midheight of 
the whorls rather than near the suture. Ooniostropha was also defined by Oehlert as being 
nonmnbilicate, and this character would add another distinction from Coelidium (Ccelocaulus), 
in which the vertical columella has a wide canal ascending upward through it. Pemer, how- 
ever, places httle reUance on the supposed absence of an umbilicus in Ooniostropha; and Clarke 
and Ruedemann's figmres of Murchisonia [Goniostropha] macrospira Hall indicate that the colu- 
mella in the same individual may in some whorls be perforate, in others imperforate.* 

Murchisonia macrospira Hall, from the Ouelph, is a typical Ooniostropha, as are also M. 
extenuaia Hall and M, minuta Hall, from the Manlius limestone ; Ccelidium tenue (pars) Clarke,^ 
from the late Silurian or Devonian limestones at Dalhousie, New Brunswick; Murchisonia 
Tiercynica Roemer, from the Oerman Eo-Devonian; Murchisonia angulala D'Archiac and 
De Verneuil, from the European Meso-Devonian ; and Murchisonia micula Hall, from the 
American Meso-Devonian. Several other species ai*e known from the Silurian and Devonian 
of Europe, and in both Europe and America the genus appears to continue into the Carboniferous. 

Ooniostropha chapmani sp. nov. 

Plate XII, figure 28. 

A small shell with tapering conoid spire in the Chapman fauna belongs to the genus Oonio- 
stropha and seems to require specific appellation. The fragmentary spire is 8 millimeters long, 
2 millimeters wide at the upper end, and 6 millimeters wide at the base, and in this portion 
shows four whorls; the apex is broken away. The whorls are half as wide ("tall'') as long, 
with obhque sutures, and show a pronounced sharp angulation at the midheight. The surface 
slope from the median carination to the sutures is but slightly convex, nearly plane. 

The species seems readily distinguishable from the described species of Ooniostropha by 
its small size, tapering conic spire, sharp simple median carination, and whorls twice as long 
as wide, with oblique sutures. 

Locality: Chapman sandstone, 2 miles west of Presque Isle Stream (locality 1099 J), Chap- 
man Township, Aroostook County, Maine. 

U. S. National Museum, catalogue No. 59859. 

Family TROCHIDiC: Adams. 
G^enus PSET7D0TBCTTJS Pemer, 1907 (PALAONTTSTUS Pemer, 1903). 

The genus Paleonustus was foimded by Pemer' for fossils resembling the well-known 
Silurian EuomphaXopterus alatus in having a peripheral keel but no sUt band, and easily distin- 
guished from the Pleurotomarias, with which the shells might otherwise be confused, in lacking 
the retral swing of the striae of growth near the region of the keel or supposed sht band. From 
.Euomphalopterus Roemer Paleonustus differs chiefly in having a higher and more nearly 
straight-sided conic spire and a less open umbihcus or no umbilicus at all; moreover, the keel 
is immediately above or at the sutiu'e in Paleonustus, instead of higher, as in Euomphalopterus. 
In Euomphalopterus also the aperture is circular and holostomate ; in Paleonustus the aperture 
is more or less pentagonal, there is a narrow columella, and the inner lip is interrupted by the 
body whorl. Euomphalopterus is usually more highly ornate than Paleonustus. 

1 See Clarke, J. M., and Ruedemann, Rudolf, The Ouelph taunsi in the State of New York: New York State Miis. Mem. 5. p. 6J», pi. 7, figs. 6, 
7, 8, etc., 1903. 

* Clarke, J. M., Some new Devonio fossils: New York State Mas. Bull. 107, p. 190, text and right-hand figure. 1907. 
s Pemer, Jaroslav, Systdme sUurien du centre de la Boh6me, pt. 1, vol. 4, Oast^ropodes, tome 1, pi. 57, figs. 36-40, 1903. 
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A Silurian group intermediate between Euomphalopterus Roemer and Paleonustus Perner 
includes the Pleuroiomaria ? pretexta, P, togaia, and Trochus astralifomds of Lindstrom,^ and some 
other species from Gotland, as well as Euomphalopterus alata var. limatoidea Kindle and Breger,' 
from beds in Indiana contemporaneous with the Guelph of Ontario. In this group the flange 
is located at the sutiu^e, and the spire is sometimes conic, as in Paleonustus, but the mouth is 
circular, with holostomate lip ; the deep umbihcus is continued upward through the center of 
the spire, and finally the shells are more strongly ornate, as in Euomphalopterus. 

In 1907 Pemer ' abandoned the name Paleonustus on the ground that it had been based 
on a false conception of supposed relationship with the Recent genus Onustus; Pseudotectus 
was substituted instead, the new name being suggested by the resemblance to the Triassic- 
Recent genus Tectus. As Paleonustus had not been generically described nor adopted prior 
to 1907, Pemer's abandonment of his own generic name Paleonustus may be excused and 
Pseudotectus accepted. 

Along with Pseudotectus Pemer described, in 1907, the new genus Streptotrochus,* which 
included some Silurian gastropods that agree with Pseudotectus in general external appear- 
ance, especially in the conic spire and in the peripheral keel, situated at or just above the 
suture. In Streptotrochus, however, the keel, though conspicuously developed, is never 
extended into the pronoimced sheetlike or flangelike expansion which characterizes Pseudo- 
tectus Pemer and Euomphalopterus Roemer. However, when this flange is broken away, 
as it is in many specimens, Pseudotectus and Streptotrochus are distinguishable only by the 
deeper imibilicus of Streptotrochus. 

In the Chapman sandstone occurs a shell, well figured by .Clarke, who called it Eotomaria 
hitchcocJci, having a pronoimced keel, which, by its simulation of a slit band, causes the shell 
to be easily confused with Pleurotomaria or its various allies. That the shell is not a Pleuro- 
tomaria and that the outer lip has neither the slit nor the > -shaped sinus of that genus is 
readily evinced, even in fragmentary shells, by the lines of growth. These, though they curve 
backward down to the keel, do not curve forward below the keel. Hence the latter has only 
the suggestion, not the function, of a slit band. The Chapman shells conform with the Pseudo- 
tectus and Streptotrochus of Pemer. The extended flange of Pseudotectus has not yet 
been observed by us, and the lack of it would seem to ally the shell with Streptotrochus. The 
lack of the flange may be more apparent than real, however, and is possibly due to fracture 
or imperfect material. Clarke, indeed, describes the whorl as ''sharply cannate or even 
extended into a keel or flange." On the basis of his statement the shell is here referred to 
Pseudotectus, a reference which seems the more proper, because the shell lacks the deep 
umbilicus of Streptotrochtis, the columella being closed and having only a small umbilicus 
developed, as in Pseudotectus comes Barrande. Perner* describes Pseudotectus as without 
umbilicus, but a minute deep umbilicus is distinctly indicated in his text figures. This minute 
imibilicus and the apertural characters are identical with similar features in Pseudotectus Tiitchn 
cochi (Clarke). 

In the American faunas the genus Pseudotectus seems to be represented by the Pleuro- 
iomaria eloroidea Kindle and Breger," from the dolomitic limestones with Guelph fauna at 
Himtington, in northern Indiana. In Europe Pseudotectus includes Trochus lundgreni Lind- 
strOm,^ from the late Silurian (Upper Ludlow) limestones at Samsugn, in Othem, and at Lut- 
terhom, in Faro, Gotland; Pseudotectus com^ Perner,® from the Bohemian Eo-Devonian of 
Konieprus; and the shell called Euomphalopterus conoidea Oehlert," from the French Eo-Devo- 
nian. The range of the genus is therefore from the middle part of the Silurian to the Lower 
Devonian, inclusive. 

1 LindstrGm. Oustaf, On the Silurian Gastropoda and Pteropoda of Gotland, pis. 11, 14, 1884. 

s Kindle, £. M., and Breger, C. L., Paleontology of the Niagara of northern Indiana: Indiana Dept. Geology and Nat. Res. Twenty-eighth 
Ann. Rept., pi. 14, figs. 3, 4, 1904. 

s Pemer, Jaroslav, op. cit., tome 2, p. 241, footnote, 1907. 
' Idem, p. 238. 
ft Idem, p. 240. 

• Kindle, E. M., and Breger, C. L., op. cit., p. 457, pi. 13, figs. 1, 2. 

' Lind.<itrOm, Gustaf, On the Silurian Gastropoda and Pteropoda of Gotland, p. 149, pi. 14, figs. 47-53, 1884. 
■ Perner, Jaroslav, op. dt., p. 241, 

• Oofalert, D. P., Bar le devonian des environs d'Angers: Soc. geol. France Bull., 3d ser., vol. 17, p. 772, pi. 19, fig. 5, 1890. 
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PsEUDOTECTUs HiTCHCOCKi (Clarke). 

Plate XII, figure 17. 

cf. 1884. Tro^u8 lundgreni, Lindstrom, K. Svenska Yetensk. Akad. Handl., vol. 19, No. 6, p. 149, pi. 14, figs. 46-53. 

Neo-SUurian limestones: Samsugn in Othem; Lutterhom, Faro. 
1907. Eotomaria hitchcocki, Clarke, New York State Mus. Bull. 107, p. 190, figs. 

Lower Devonic: Presque Isle Stream and in the burnt lands 2 miles west. Chapman Plantation, Maine. 

The typical form of this shell from Presque Isle Stream is represented in our collection by 
one or two crushed specimens which are too poorly preserved to show well the distinctive 
specific characters. The following description is therefore drawn up mostly from Clarke's work: 

Spire rather high, conical; proportion of height to width as 11:10. Angle of spire 70°. 
Whorls contiguous throughout; six* in number; angular, sharply keeled a little below the 
midheight, overlapping the lower third to a point just below the keel. From the narrow keel 
which forms the periphery of the whorl the profile toward the suture is nearly straight, gently 
concave in the lower half, gently convex just below the suture, thus giving the shell a conical 
profile from the tip of the spire to the keel of the body whorl. Sutures not conspicuous, hardly 
discernible; located immediately below the peripheral keel, very nearly horizontal. The total 
height of the body whorl is a little less than half the total height of the spire. The greatest 
width is along the keel, which is peripheral. The body whorl is slightly concave immediately 
below the keel, becoming convex over the greater portion to the umbilicus. The base of the 
shell is broad and' flat for nearly the full width. A narrow umbilicus is distinctly developed, 
although it seems to be closed by the union, in the center of the spire, of the inner sides of the 
whorls. Mouth subpentagonal, as wide as high or wider, angulated by the peripheral keel, which 
does not bear a slit band. The base of the mouth is broadly rounded. The lower part of the 
inner lip is vertical and slightly thickened, with a narrow untwisted columella. Peristome 
interrupted by the body whorl. The upper part of the inner portion of the mouth is formed 
by the next upper whorl. 

The surface is nearly smooth, but is covered with tenuistriate lines of growth directed 
backward from the suture to the keel. They do not arch or sweep farther back on approach- 
ing the keel, but continue in their direction across the keel and below it. 

Height of shell 21 to 22 millimeters; width, 19 to 20 millimeters. 

Locality: Chapman sandstone, Presque Isle Stream locality 1099 A), Chapman Township, 
Aroostook Coimty, Maine. 

U- S. National Museum, catalogue No. 59860. 

Comparisons. — Pseudotedus Tdtclicocki, from the Chapman sandstone, seems scarcely to be 
distinguished from the Gotland species Trochus [Psevdotectus] lundgreni LindstrOm, in which the 
keel is somewhat nearer the base of the body whorl and mouth; and the profile from keel to 
suture is less sigmoidal. These, however, are minor distinctions. 

PsEUDOTECTUS ? DECIDUUS Sp. nOV. 
Plate XII, figures. 18-27. 

r 

In the region west of Presque Isle Stream there is an abundant species closely related to 
P. TiitcTicocki, but preserved as partial casts or internal molds, making it very difficult to learn 
the real external structure. The form may be distinguished from the typical Presque Isle 
Stream shell by a tendency of the last whorl to become free or irregular. The internal molds 
show the peripheral keel, which is fairly well developed on the body whorl, becoming very 
pronounced and angular just back of the mouth. On the upper whorls, however, the angula- 
tion of the keel is usually not discernible on internal molds, the whorls here appearing roimded 
except that occasionally the whorl next the body whorl may be slightly angulated. The 
mouth was slightly expanded, to judge from the internal mold. There appears to have been, 
also, some variation in the height of the spire above the normal. Externally there was a narrow 
flat shoulder below the suture and a vertical rim above, neither of which is definable on internal 
molds. 



1 Clarke mentions only four or five whorla, but hJs figures show six or seven whods, and tbat number is also indicated by our leas perfect 
specimens. 
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Locality: Chapman sandstone, 2 miles west of Presque Isle Stream (locality 1099 J), 
Chapman Township, Aroostook Coimty, Maine. 

U. S. National Museum, catalogue No. 59861. 

Comparisons. — ^This species appears to be similar to Trochus incisus Lindstrdm,^ from the 
highest Silurian of Gotland, in the tendency toward the deciduous character of the body whorL 
Streptotrochus indsum Lindstrdm has a taller spire. Species may perhaps be referable to 
Streptotrochus rather than to Pseudotectus. 

PSEUDOTECTUS ? Sp. iudct. 

» 

Plate XII, figure 16. 

Some poorly preserved internal molds of a species of Pseudotectus ( ?) have been f oimd 
loose in the Chapman sandstone on Edmimds Hill. These specimens, like many of the internal 
molds from the locality west of Presque Isle Stream, show angulation only on the body whorl, 
the upper whorls appearing rounded. The fossil is a small species, of Holopea-like outline, with 
only three or four whorls, but is too poorly preserved to be recognizable specifically, and is 
listed simply as representing the genus. 

Locality: Chapman sandstone, Edmunds HiU (locaUty 1099 C), Chapman Township, 
Aroostook Coimty, Maine. 

U. S. National Museum, catalogue No. 59862. 

Family PSEUDOMELANIIDiE Fischer. 
GenuB LOXONEMA PhiUips. 

LOXONEMA WELLERIANA sp. UOV. 

Plate XIII, figures 2, 3, 5. 

of. 1903. Lox(mema jeneyeme (pars). Weller, New Jersey Geol. Survey, Paleontology, vol. 3, pp. 95, 335, pi. 43, fig. 10 
(not fig. 9). 
Tiilobite beds (basal Oriskany): Trilobite Ridge, New York and New Jersey. 

Shell of moderate size; a high, turriculate, closely coiled spire, showing in the best pre- 
served specimen over 12 whorls, probably about 13 or 14. The apical whorls are minute and 
usually absent; the last six whork occupy seven-ninths the total height of the spire. Apical 
angle 19*^ to 20°. The whorls are convexly rounded, rather strongly, with sutures sharp and 
moderately oblique (10**). The width of the whorl exposed between the sutures is about half 
the length, the proportion of length to width varying from 2: 1 to 1.9: 1. Each of the last four 
whorls is 1.7 to 1.8 times as long as the next upper whorl. Aperture imknown. 

The ornamentation consists of sigmoidal lines of growth; these vary in strength, con- 
tinuity, and direction. They are slightly convex at the base, but swing back into a reentrant, 
shallowly concave arch, which includes most of the width of the whorl. Below the suture the 
strisB again swing forward, and as a rule continue concave up to the suture, though in many 
specimens they become convex and nearly direct for less than a millimeter just below the suture. 
In strength the lines are variable. For short patches they may become even, about eight in 
the space of 2 millimeters on the middle of the whorl, or they may become very fine and aggre- 
gated into fascicules or wrinkles, about three or four of the latter in the space of 2 millimeters. 
The stri» arch back shallowly, with the greatest depth of arch variable, at or above the mid- 
height of the whorls. The ornamentation is strongest in the arch of the striae near the middle 
portion of the whorls. In some external molds the striae may appear strongest near the suture, 
but this appearance is due to erosion of the shell surface on the exposed parts of the whorls. 

A specimen with the extreme apex incomplete but still preserving 12 whorls has a height 
of 27.75 millimeters, a width at the base of 8 millimeters, and the basal six whorls are 21.5 
millimeters high and the basal four whorls 16.75 miQimeters high. Another fragment preserving 
four whorls has a height of 17 millimeters and width of 8.25 millimeters. A third and larger 
fragment with six whorls was 24 millimeters long and 10.5 millimeters wide at the base. 

1 Liii<jlstr5iii, Oustaf, op. cit., p. 151, pi. 14, figs. 22-31. 
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The species may be recognized by the deep convexity of its whorls, the sharp oblique 
sutures, the width of the whorls (half the length), the narrow spire, gradual increase of the 
whorls, shallow arch of the stri» of growth, and strong but varying ornamentation. 

Locality: Moose River sandstone, Detroit (locality 1100 A), Somerset County, Maine. 
Common, along with Leptocodia flaheUites Conrad, Spitifer antarcticus Morris and Sharpe, Spirifer 
areno8U8 Conrad, 8. murchisoni Castelnau, Leptoatrophia perplana Conrad (Z. blainviUei Billings), 
etc. These shells are often overspread by an explanate bryozoan. 

U. S. National Museum, catalogue No. 59863. 

Comparisons. — L, weUeriana approaches most nearly, among described forms of Loxonema, 
L. suhtUistriala Oehlert,* from the French (Mayenne) Eo-Devonian; but the ornamentation of 
the American shell is less imiformly fine and becomes in places much coarser than in the French 
species. The latter also has the greatest depth of the arch of the strisB uniformly above the 
middle, whereas in the Chapman form it is variable and most commonly nearer the middle. 

LOXONEMA JERSEYENSE Wcller. 

Plate XIII, figures 1, 4. 

1903. LoxoTiema jeruyerue. Weller, New Jersey Geol. Survey, Paleontology, vol. 3, pp. 95, 335, pi. 43, figs. 8, 9 (not 

fig. 10). 
Trilobite beds (basal Oriskany) : Triloblte Ridge, New York and New Jersey. 

In the basal Oriskany, at Trilobite Ridge, N. Y., in New Jersey, and in the Lower Cob- 
lenzian famia of the Moose River sandstone at Detroit, Maine, occur two associated but dis- 
tinct forms of Loxonema. One of these is described above as L, weUeriana sp. nov. ; the other 
is here called by the name L. jerseyense Weller, which is restricted to this form. Both forms were 
included by Weller in the species L. jerseyense. 

L. jerseyense s. str. conforms with L, weUeriana in the character and variability of its orna- 
mentation but is easily distinguished by having the whorls much wider in proportion to the 
length. Indeed, the whorls are nearly as wide as long in L. jerseyense, the proportion of length 
to width ranging from 11 : 8 to nearly 12: 8, compared with 19: 10 to 2: 1 in i. weUeriana. The 
spire is therefore more tapering in L. jerseyense; the height of the four basal whorls of the spire 
is 2^ to 2f times the width, compared with a ratio slightly greater than 2:1 in X. weUeriana. 

Locality: Moose River sandstone, Detroit, Somerset County, Maine, along with L. weU 
leriana sp. nov. L. weUeriana is more common than L. jerseyense in the Maine collections, but 
in New Jersey the reverse is true. 

U. S. National Museum, catalogue No. 59864. 

GenuB AUBIPTYaHA Pexner, 1907. 

The genus Auriptygma was erected by Pemer ' in 1903, and the genotype, A.fortior (Bar- 
rande) from the Aymestrian fauna of 6tage E^, was figured, but the genus was not described 
until 1907.' A translation from the French of Pemer's diagnosis of Auriptygma is as follows: 

Shell terbinate; whorls inflated, scalarifonn; apex pointed; sutures straight and deep; last whorl very much 
developed. Mouth elliptical, elongated toward the base. Inner lip neither thickened nor tucked in, but simply 
undulating and merging by simple passage into the columella; the latter is solid and straight. Surface strise trans- 
verae, distinct, faintly inclined, a little arched. 

Auriptygma offers the closest resemblance to the early Paleozoic gastropods which have 
been placed in the genera Holopea Hall and Macrochilina Bayle (=Macrocheilus Phillips, 
Phillips's name being preoccupied). In Macrochilina, founded on the British Devonian M. 
ocuto, there is no lunbilicus whatever, and the base of the inner lip is tucked into a short tortuous 
columella. In M. arculata (Goldfuss) and several other species of Macrochilina there is a pro- 
nounced twist at the base of the columella, producing a columellar fold; Kittl,* indeed, regards 

> Oehlert, D. P., DescrlptioDa de quelques wp^ces d^vonienneB du d^partament de la Mayenne: Soc. Etudes sci. Angers Bull., 1887, p. 12, pi. 7, 
flg.l. 

* Pemer, Jaroslav, Syatdme sflurien da centre de la BohAme, pt. 1, vol. 4, Gast^podes, tome 1, pi. 61, figs. 51-M, 1903. 
I Idem, tome 2, p. 361, text figures 260, 261, 1907. 

* KittI, Ernst, Die Qastropoden der Schichten von St. Caasian der sildalpinen Trias, pt. 3: K. k. Naturbist. Hofmuaeum Annalen, vol. 9, 
p. 206, 1894. 
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this columellar fold as characteristic of the Paleozoic forms of Macrochilina and describes several 
later species cf Macrochilina having one or two additional broadly rounded folds higher up on 
the columella or inner lip. Auriptygma has a much simpler inner hp than that of even the 
simplest forms of Macrochilina. 

There is some difficulty in distinguishing Auriptygma Pemer from Holopea of Hall and 
authors, for Hall's genus is but little understood. Holopea Hall is foimded on the Trenton 
limestone species Holopea symmetrica Hall;^ the generic details of the species are unknown, 
the genus having been based more or less on external form. Holopea was supposed to have 
been recognized subsequently in the New York Devonian and elsewhere, but it is not certain, 
perhaps not even probable, that the Devonian shells called Holopea^ correspond generically 
with the Trenton limestone types of Holopea. The apertural and other generic characters of 
Holopea can best be elucidated by comparison with the American Ordovician species described 
and figured by Ulrich and Scofield ' and with the European late Ordovician shells of similar 
type described by Koken.^ However, there must first be removed from the higher or buccinoid- 
spired shells characteristic of Holopea the large number of so-called Holopea species which 
have a lower naticoid spire and, usually, a deep umbilicus, a continuous circular peristome, and 
one or two whorls less than the typical Holopea. Typical Holopea, even more so than Macro- 
chilina, presents superficially a striking similarity to Auriptygma; the umbilicus is minute or 
absent, the columella and thickening of the inner hp are absent, the inner lip is interrupted by 
the body whorl and toward the base is elongated and slightly explanate. That the stronger 
and posteriorly arching stri» of Auriptygma are alone sufficient to distinguish the genus from 
Holopea Hall is questionable. With Pemer, I believe that the name Auriptygma, which 
defines a concisely demarkable gastropod structure, is preferable to the loosely appUed name 
Holopea, which seems to have served authors as a blanket name for unplaced shells of this 
general type. In the tenuity of the surface striae and in the slightly less rounded or more nearly 
vertical-shouldered whorls, as well as in the distinct though minute umbilicus, the Chapman 
shells under discussion conform more nearly with Holopea Hall than with the type species of 
Auriptygma. 

Holopea (Auriptygma) beushauseni Clarke. 

Plate Xri, figures 1-15. 

1907. Holopea beushaiueni. Clarke, New York SUte Hub. Bull. 107, p. 188, figs. 

Lower Devonic: Presque Isle Stream, Edmunds Hill (?), Chapman Plantation, Aroostook County, Maine. 

Shells rather large in the typical forms. Spire moderately high, buccinoid; proportion of 
height to width as 3:2. Angle of spire between 58® and 70°. Whorls five or six; contiguous; 
convex, rather flattened or vertical below the shoulders; overlapping the lower fourth; broadest 
below the middle. Sutures rather strongly impressed, profoundly so in internal molds ; obUquity 
from the horizontal 5° to 25°, depending largely upon distortion and pressure in the rock; 
usually about 20°. The height of the body whorl exclusive of the mouth is a trifle less than the 
height of the rest of the spire. The total height of the body whorl is equal to two-thirds the 
height of the shell. The greatest width is below the middle. The mouth is elongate, oval in 
outUne; the base is broadly roimded, not tapering, and in good specimens is explanate or 
slightly recurved. UmbiUcus absent or minute. Internal molds show a straight, narrow 
canal extending up the middle of the spire, apparently a little wider than the thickness of the 
shell. Whether this canal was hollow or filled is not known. 

Internal molds and sculpture casts are quite smooth. One external mold was also quite 
smooth, and another showed only extremely tenuous lines of growth. The surface may there- 
fore be considered to have been smooth, or very nearly so. 

1 Hall, James, Paleontology of New York, vol. 1, p. 170, pi. 37, flg. 1, 1847. 
* Idem, vol. 5, pt. 2, pi. 12, 1879. 

s Ulrich, £. O., and Soofleld, W. H., The Lower Silurian Gastropoda of Minnesota: Geology of Minnesota, vol. 3, pt. 2, Paleontology, p. 1065, 
pi. 79, 1897. 

Koken, Ernst, Die Gastropoden des baltiachen UntersUurs: Acad. imp. sci. St. P^tersbourg Bull., 5th ser., vol. 7, No. 2, p. 193, 1897. 
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Locality: Chapman sandstone, on Presque Isle Stream, at the end of the Tweedy road 
(localities 1099 A and 1099 L), Chapman Township, Aroostook County, Maine. Apparently 
the same species occurs also on Edmunds Hill (localities 1099 C and 1099 M); and a smaller 
species of the same genus occurs abundantly in the calcareous Chapman sandstone west of 
Presque Isle Stream (locahties 1099 J, 1099 K, and 1099 L). The specimens are rather poorly 
preserved, and it is by no means certain that they are all cospecific. Indeed, in the case of the 
lamelUbranchs which are better preserved than these gastropods, the representatives of a genus 
from the Edmunds Hill locaUty, however closely allied, are in general specifically distinct from, 
those of the Presque Isle Stream localities. Possibly better material would show the gastro- 
pods also to be specifically distinct. 

U. S. National Museum, catalogue Nos. 59865 to 59869. 

Comparisons. — From Auriptygma fortior (Barrande) Pemer this species differs chiefly in 
having the profile of the whorls more nearly vertical. The outer extremity of the mouth is 
below the midheight in the Chapman species, instead of above; the mouth is a little more 
explanate than is apparent in the Bohemian figures; and the ornamentation is much more 
subdued. 

The explanate mouth and general buccinoid outline suggest a similarity with Macrocheilus 
sp. Beushausen,^ from the Siegen fauna of the Bockberg, in the Harz, but the German fossil 
has a decidedly higher spire and stronger ornamentation. 

Class CEPHAIiOPODA. 

Famfly ORTHOCERATIDiC:. 
GenuB OBTHOCSBAS Breyn. 

Obthogebas sp. (?0. xoBUMBEGJC Clarke). 

?1907. Orthoceras norumbegx. Clarke, New York State Mus. Bull. 107, pp. 177-178, figs. 
Lower Devonic: Edmunds Hill, Chapman Plantation, Maine. 

A few fragments of Orthoceras have been obtained from the Chapman sandstone of 
Edmunds Hill; sufficient to establish the presence of these marine organisms in the Chapman 
fauna; but specific characters can not be defined from such imperfect material. The several 
fragments are of similar size and might belong to a single species. They represent a slender, 
medium-sized shell, varying in diameter from 13 to 20 millimeters. The chamber of habitation 
is represented by a fragment 20 millimeters wide and preserving a length of 35 millimeters. 
The chambers are one-third as long as they are wide. The septa are arched and the siphuncle 
central and small. 

The fragments may possibly represent smaller individuals of the large and bizarrely orna- 
mented Orihocerds norumbegx Clarke, the chamber of habitation of which was described from 
the same locality. 

LocaUty: Chapman sandstone, Edmunds Hill (localities 1099 C and 1099 M), Chapman 
Township, Aroostook County, Maine. 

U. S. National Museum, catalogue Nos. 59870, 59871. 

Orthoceras princiana sp. nov. 

Plate XIII, figure 17. 

Two species of smooth, typical Orthoceras from the calcareous Moose River sandstone are 
represented in our collections by incomplete specimens. The larger form, to which is applied 
the name 0. princiana, is distinguished by the moderately deep chambers, the deep transverse 
septa, the subcentral siphuncle, and the rapid tapering of the shell. A fragment shows the 
cone expanding from 32 to 36 millimeters in a length of 30 millimeters. Three chambers are 
included in this distance, the average depth of the chambers between sutures being, therefore, 

1 Beushausen, Louis, Beitriige zur Kenntniss des Oberhaner Spirlferensandsteiiis und Beincr Fauna: Abh. geol. Spedalkarte Preoaaco, 
vol. 6, pt. 1, p. 52, pi. 1. fig. 7, 1884. 
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three-tenths the width. The septa are deeply convex, extendmg below the suture approxi- 
mately two-fifths the height of the chamber above the suture. The siphuncle appears to have 
been very nearly though probably not quite central; it is 3 millimeters or more in diameter. 
The surface is devoid of ornamentation. 

Locality: Moose River sandstone, Somerset County, Maine. The shells were collected by 
Mr. Harold W. Prince, after whom the species is named. 

U. S. National Musemn, catalogue No. 59872. 

Orthoceras parlinense sp. nov. 

Plate XIII, figures ?21, 25. 

A second species of smooth Orthoceras in the Moose River sandstone faima is a smaller 
shell, with slender, more tapering cone, very deep septa, and a central proportionately large 
siphimcle. In shells only 3 millimeters wide the chambers are 2 millimeters deep; they main- 
tain a nearly uniform depth regardless of the size of the shell, and are 2.8 millimeters deep in 
shells 6 millimeters thick. About 2.5 millimeters represents the average and usual distance 
between sutures. The septa are transverse and very deeply arched; they extend below the 
sutures for a distance equal to the depth of the chambers between sutures. The siphimcle is 
central and is proportionately very broad, 1.5 to 2 millimeters in thickness — equal to one-third 
to one-fourth the diameter of the shell. The specimen figure 25 is the type of the species and 
figure 21 is referred provisionally to this species. 

Locality: Moose River sandstone, Parlin Pond, Somerset County, Maine. 

U. S. National Museum, catalogue No. 59873. 

Suborder PTEROPODA. 

Funfly TENTACULITIDiG Walcott 

Oenus TENTACtTIJTES Scfalotheixn, 1820. 

Tentaculites schlotheimi Koken. 

Plate V, figure 30; Plate XIV, figures 23, 24. 

1820. TentacuiUe8annulatu8\ai. Schlotheim, Petrefaktenkunde, p. 377 (pais). 
Lower Devonian: The Schalke, Prussia. 

1899. TerUaculiUs schlotheimi, Koken, Deutsch. geol. Gesell. Zeitschr, vol. 41, p. 82. 
Lower Devonian: The Schalke, Prussia. 

1896. Tentaculites schlotheimi. Koken, Die Leitfossilien, p. 540. 
Lower and Upper Coblenzian: Rhenish Pnissia. 

1900. Tentaculites schlotheimi. Gflrich, Ueber Tentaculiten und Nowakien: Schlesischen Geeell. vaterlandlsche 

Kultur Jahresb., Naturw.-Abtheil., vol. 77, p. 34. 
Lower Devonian: Prussia. 
1907. Tentaculites scalaris (not of authors). Clarke, New York State Mus. Bull. 107, p. 174. 
Lower Devonic: Edmunds Hill, Chapman Plantation, Maine. 

Shell a free tapering cone of 8^ apical angle, in mature specimens 12.25 millimeters long, 
passing from a width of 0.65 to 2.5 millimeters, and increasing 1 millimeter in width in a distance 
of 6.62 millimeters. Annulations equal, eight or nine in number in a space of 5 millimeters 
where the shell is 2 millimeters thick, eight to nine in number in a space of 2 millimeters where 
the cone is only 0.66 to 0.75 millimeter thick. The annulations are crowded, with interspaces 
usually only slightly broader than the ribs. Very rarely an interspace nearly twice as wide as 
the ribs may occur; but frequently the interspaces are scarcely as wide as the ribs. As seen 
in good specimens, the ribs are strongly elevated and the interspaces deeply excavated. The 
surface is covered with very fine, threadlike, equal transverse or horizontal strise covering both 
the ribs and the interspaces. From six to eight of these may be counted in the space of a 
millimeter where the shell is a little over .2 millimeters wide. In the sandstones the finer orna- 
mentation is rarely preserved; in most external molds both the ribs and interspaces appear to 
be devoid of fine striae, and only in the cleanest specimens do these show. The transverse 
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striae are usually parallel to the ribs and interspaces, but where the ribs are slightly oblique 
the jSner strise are transverse and cut obliquely across the ribs in a very small angle. There 
are not more than four strisB on either a rib or on an interspace, and commonly only three. 
Fragments about 2 centimeters long and 2 to 2.3 millimeters wide occur abundantly. 

Locality: Chapman sandstone (PL XIV, figs. 23, 24); common with Ohonetes striatissiimig 
n. sp. in dark soft sandstones and with Ohonetes novascoticus Hall and Spirifer cyclopterus Hall 
in lighter sandstone, Edmunds Hill Gocalities 1099 C, 1099 M), Chapman Township, Aroostook 
County, Maine. Two specimens from the blue siliceo-calcareous grits of the Moose River sand- 
stone can not be distinguished from the specimens obtained in the Chapman sandstone. (See 
PL V, fig. 30.) Isolated fragments of Tentaculites also occur in a rock full of Leptoccelia 
fldbeUites between Detroit and Parlin Pond, Somerset County, Maine. 

U. S. National Museum, catalogue Nos. 59874 to 59876. 

Tentaculites cf . T. elongatus Hall. 

Plate XIV, figure 26. 

cf. 1859. TentactUites elongatus. Hall, Paleontology of New York, vol. 3, p. 136, pi. 6, figs. 16>21. 

Shaly limestone and upper Pentamerus, Lower Helderberg group: Helderbeig Mountains and Schoharie, N. Y. 

Additional specimens have since been found which indicate that a probably distinct species 
occurs in the Moose River sandstone fauna. This species is extremely abundant in light-buff 
calcareous quartzites in Somerset Coimty, along with Leptoccdia flcibeUites Conrad, CTwnetes 
novascoticus Hall var. canadensis Billings, Ohonetes antiopus Billmgs, Leptosirophia hlainvHUi 
Billings, and crinoid segments. The Tentaculites here attain a gigantic size, fragments over 
25 millimeters long and 1.5 millimeters wide at the smaller end being common. These large 
Tentaculites differ from the Chapman form in being much more attenuate, the cone widening 
1 millimeter in a length of more than 10 millimeters. These large forms are even more 
slender than Tentaculites elongatus Hall and may perhaps be regarded as a slender variety of 
that species. 

Locality: Moose River sandstone, Somerset County, Maine. 

U. S. National Museum, catalogue No. 59877. 

Comparisons. — The name Tentaculites scalaris was proposed by Schlotheim for internal 
molds of a species of TentacuUtes found in Prussia, in drift bowlders of the Baltic Silurian 
Beyrichia-Chonetes limestones. At the same time Schlotheim described Tentaculites annvlatus, 
based on complete shells from Gotland. Both the T. annuhius and the T. scalaris of of Schlo- 
theim are now commonly regarded as representing a single species, a Silurian Tentacidites 
similar to the Silurian shells which in England are named T. omatus Sowerby and which in 
America are called T. niagarensis Hall, T. gyracanthus Eaton, etc. With the Gotlandian T. 
annulatus Schlotheim described a variety of this species in which the rings are more closely 
crowded, from Devonian rocks in Prussia. The surface, according to Koken, is covered with 
the usual finer striae. For this German early Eo-Devonian shell Koken * proposed the name 
Tentaculites schlotheimi. Koken stated that T. schlotheimi was specifically distinct from similar 
forms of Tentaculites occurring in the Coblenzian of Altenahr, Kyll, Ems, and elsewhere in 
the Coblenz district, and also from Tentaculites grandis Roemer, from the Silesian Eo-Devonian 
Wurben Valley quartzite, but he did not point out the distinctive characters of these species. 
The Tentaculites from the Coblenz district are well figured and described by Quensted ' and 
by the Sandbergers.' These shells pass imder the name Tenta,culites scalaris, though they are 
plainly not Schlotheim's species, which is a shell with distant and inequidistant ribs, as was 
pointed out in 1859 by Boll * and later by E^rause,' by Roemer, and by Koken. 

The Chapman shells conform with the brief description of Tentaculites schlotheimi given 
by Koken. Clarke identified the fossils with the Coblenzian forms of Tentaculites referred to 

> Deutsch. geol. G«seU. Zeitscbr., vol. 41, p. 82, 1889. 

* Quensted, F. A., Handbuch der Petrefaktenlnmde, p. 300, pi. 35, figs. 2(>-29, 1852. 

s Sandberger, Ouido and Fridolin, Die Verstelnerungen des rbeinischen Schlcbtensystems in Nassau, p. 248, pi. 21, figs. a-^ 1866. 

* Boll, Ernst, Ver. Freunde Naturgescbichte Meklenburg Arch., vol. 13, p. 163, 1850. 
B Kraose, A., Deutsch. geol. Gesell. Zeitschr., vol. 29, p. 28, 1877. 
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by Koken^ but the shells here called Tentaculites schloiheimi show the fine horizontal striae 
to be less profuse than in the German Coblenzian forms as figured by the Sandbergers. 

In the American faunas the nearest species is Tentaculiies elongatus Hall, from the Helder- 
bei^ ^ and Oriskany.^ Hall's species agree with the Chapman and Detroit fossil in ornamenta- 
tion, but is more slender and more tapering, and attains greater size than 71 schhtheimi. 

Tentaculites scalariformis Hall,' from the "Comiferous'' limestone, is a large, thick, closely 
annulate shell of the type of T. schhtheimi, but is more profusely striate. It comes nearest 
to the Sandbergers' T. scalaris (not Schlotheim), from Coblenz. 

ABTHROPODA. 

Class CRUSTACEA. 

Subclass TRILiOBITA. 

Genus HOMALONOTCTS Koenig, 1820. 

HOMALONOTUS LATICAUDATUS Sp. UOV. 
Plate XXII, figures 11, 14, 17, 18, 22. 

Cranidium quadrangular, laterally extended at the base into the narrow, ribbon-like fixed 
cheeks. Total width of cranidium one and four-sevenths times the total length. The width 
between the palpebral lobes is decidedly greater than the length of that portion of the cranidium 
between the anterior suture and the occipital furrow, the proportion being 5:4, thus giving the 
cranidium above the fixed cheeks a rather broad appearance. The glabella is depressed con- 
vex, reaching barely above the level of the palpebral lobes. Its demarcation from the rest 
of the cranidium is exceedingly faint, the anterior and lateral furrows are scarcely definable, 
and only when oriented in the proper light. No transverse glabellar furrows are evident. The 
glabella is slightly longer than wide, in the proportion of 20:19. The occipital furrow is nar- 
row and strongly defined, extending entirely across the fixed cheeks. The occipital ring is 
slightly narrower than the fixed cheeks. The ring is transverse, and slightly but not con- 
spicuously arched forward in the middle; on the sides the occipital ring swings forward some- 
what. TTie free cheek is nearly straight on its outer border, the eye lobe rises high and abruptly 
from the lateral margin, and the cheek is terminated posteriorly by a strong, short, but acutely 
pointed genal spine. The free cheeks are detached in all our specimens. They are highly 
incUned to the general plane of the cranidium, and were trigonal to trapezoidal in outline, with 
the length (lateral margin of the cephalon) two or more times as great as the width. Thorax 
deeply archfed, forming nearly a semicircle in transverse section, the height being 0.47 of the 
width. The axis or middle lobe is very broad, though ill defined. The axis is Umited lateraUy 
on the individual segments by a slight constriction of the segment and by a small notch or pit 
on the anterior ( ?) side, similar to the notch or pit on the occipital ring. Between these pits 
the middle lobe of each segment is arched upward ; the height of the arch (when uncrushed) 
is slightly more than one-quarter the distance between the pits. The lateral divisions of the 
thoracic segment are about one-quarter as wide as the thorax measured along its arching 
surface, but when the thorax is viewed from the back the lateral lobes appear much narrower, 
the middle lobe or axis then appearing to absorb three-fourths the total width of the animal. 
The inclination of the lateral pleura of the thoracic segment does not exceed 20° from the 
vertical. The extreme outer portion of the lateral segment is spatulate in form and in the 
specimens preserved appears to have stood nearly vertical to the horizontal plane of the body. 

Pygidium relatively obtuse, triangular-pentate. The lateral margins are very nearly 
straight lines, forming an angle of 86*^, or nearly a right angle. The pygidium is gibbously 
elevated. In lateral profile the median line of the surface makes an angle of 37® to 40® with 

1 Hall, James, Paleontology of New York, vol. 3, p. 136, pi. 6, figs. 16-21, 1859; vol. 5, pt. 2, supplement, p. 6, pi. 94, fig. 14, 1888. 
* Clarke, J. M., The Oriskany fauna of Becraft Mountain, Columbia County, N. Y.: New York State Mus. Mem., vol. 3, No. 3, p. 27, pi. 3, 
figs. 8-12, 1900. Weller, Stuart, The Paleozoic faunas [of New Jersey]: New Jersey Geol. Survey, Paleontology, vol. 3, p. 3(»3, pi. 60, tigs. 4-5, 1903. 
I Hall, James, Paleontology of New York, vol. 5, pt. 2, p. 167, pi. 31, figs. 3-11, 1879. 
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the base. The termmus is obtusely subangular. The axis is moderately well defined and 
shows distinctly on the internal molds 11 or 12 annulations, indicating about 13 on the com- 
plete surface. The rings are strongly convex and transverse, without any arching forward in 
the middle, and are wider than the interspaces. Posteriorly the axis merges into the smooth 
terminus. The lateral segments, though well defined, are less strongly elevated but broader 
than those of the axis; eight segments can be distinctly counted on the internal mold and on a 
fragmentary exterior, and if a ninth segment is present it must be exceedingly faint. The 
first ring of the axis is continued laterally into the first lateral segment; the eighth ring of the 
axis is continued laterally into the seventh lateral segment. The intervening lateral segments 
and furrows and axial rings and furrows, respectively, do not abut directly against each other. 
The lateral segments continue to the margin and both the lateral and the axial segments are 
devoid of grooving. 

Two or three fragments of clean external molds of the pygidiimi and fragments of thoracic 
segments indicate that the surface was smooth, devoid of pustules, pores, or corrugations, etc. 
It is barely possible, however, that more abundant and better material may show the pustulated 
or pitted ornamentation common in Homalonotus, at least on the cephalon. 

A pygidium of a young specimen is 21.66 millimeters wide and is 19 millimeters long (length 
measured on sloping surface). Another fragmentary pygidium was about 60 millimeters 
wide and 53 millimeters long. The latter specimen probably represents the usual size, though 
several specimens of small size correspond nearly to the small pygidium mentioned. 

Among the more diagnostic characters of the species are the faint demarcation of the gla- 
bella; total absence of furrows on the glabella; anterior suture nearly transverse, only slightly 
arched; well-marked occipital ring; strong upward arching or gibbosity of the thorax; lateral 
segments of the thorax nearly vertical; pygidium relatively broad, the sides including an angle 
of 86® or very nearly a right angle; surface devoid of spines, and apparently smooth. 

Locahty: The species is represented by detached free cheeks, isolated thoracic segments, 
and a few fragmentary pygidia and cranidia supposed to belong to a single species. These 
occur in loose blocks of the Chapman sandstone on Edmunds Hill and 2 miles west of Presque 
Isle Stream, Chapman Township, Aroostook County, Maine. 

U. S. National Museum, catalogue Nos. 59878, 59879, 59880. 

Comparisons. — ^The species is nearly aUied to H, delphinocepTialu^ Green,^ from the Niagara 
group. The Chapman fossil can be easily distinguished from the Silurian form by its broader 
pygidium. Moreover, in the cranidium the anterior suture is nearly transverse and angular 
at the sides in H. laticavdatus sp. no v., whereas it is ovally arched and curves into the lateral 
or facial suture in 11. delphinocepJialus' Green. 

The broad pygidium and the great gibbosity of the body distinguish H. laticaudatus from 

other species. 

Homalonotus vanuxemi Hall. 

Plate XXII, figures 10, 12, 13, 15, 21. 

1859. Homalonotua vanuocemi. Hall, Paleontology of New York, vol. 3, p. 352, pi. 73, figs. 9-11 (not fig. 12). 

Helderbeig shaly limestone: Herkimer County and Helderbeig Mountains, Albany County, N. Y. 
1888. Homalonotus vaniutemi. Hall, idem, vol. 7, p. .11, pi. 6 B, figs. 1, 2. 

Helderbeig shaly limestone: Albany and Herkimer counties, N. Y. 
not 1903. HomalonottLS vanuxemi. Weller, Paleontology of New Jersey, vol. 3 (Paleozoic faimas), p. 321, pi. 39, figs. 
7, 8; p. 338, pi. 44, figs. 4-7. 

Northwestern New Jersey. 

Besides the Homalonotus laiicavdatus from Edmunds Hill, the Chapman sandstone fauna 
contains several well-preserved pygidia and abundant fragmental remains of another species 
of Homalonotus occurring 2 miles west of Presque Isle Stream. This second form I identify 
with Homnlonotus vanuxemi Hall. It does not seem to attain the large size of 11. laiicaudaius 
and is, moreover, easily distinguished by the narrower and more profusely annulated pygidium. 

1 Hall, James, Description of the species of fossils found In the Niagara group at Waldron, Ind.: Indiana Dept. Qeol. and Nat. Res. Eleventh 
Ann. Rept., p. 332, pi. 34, figs. 17, 18, 1882. 
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Figures 13 and 14, Plate XXII, represent characteristic pygidia of H. vanuxemi Hall and H. 
IcUicaudaius sp. no v., respectively, and make plain the distinction between the two species. In 
size, outline, convexity of the pygidia, and occurrence of 14 or 15 annulations on the elongated 
axis and of 12 lateral pleurae, the small specimens conform with the New York Helderbergian 
fossil. 

Locality: Chapman sandstone, 2 miles west of Presque Isle Stream (locality 1099 J), 
Chapman Township, Aroostook Coimty, Maine. 

U. S. National Museum, catalogue No. 59881. 

Genus PK A COPIDELLA Beed. 

The generic name Phacopidella was proposed by Reed ^ in 1905 to supplant Acaste Gold- 
fuss, 1843, which was preoccupied. The type chosen was PJiacops glockeri Barrande, from the 
Bohemian £tage E* or middle of the Silurian. The genus Phacopidella, originally placed near 
Dalmanites, resembles Phacops in having only the hindmost glabellar lobe and fmrow well 
developed, the second and first pairs of lateral lobas of the glabella being obscure, though 
present. The cephalon and pygidium are semicircular or rounded in a broad semieUipse, as in 
Phacops, and are not elongate or spinose, as in Dalmanites. 

Phacopidella differs from Phacops chiefly in the character of the glabella. In Phacops 
the glabella is tumid or broadly bulbous in front, and the first and second furrows are merely 
faint scratches. In Phacopidella the glabella is more elongate, resembling in its gross outUne 
that of typical Dalmanites. The fiirst and second lateral furrows in the glabella of typical 
Phacopidella are better developed than in Phacops, occurring as faint furrows rather than as 
mere scratches, but in the group of PJicLcopideUa anceps Clarke the anterior furrows are faint, 
as in Phacops. Finally, the glabella in Phacops is tuberculate; in Phacopidella it is non- 
tuberculate or rarely tuberculate on the frontal lobe only. 

Two well-marked sections are easily demarcated in Phacopidella. Section 1, the group of 

Phacopidella glockeri (Barrande) (typical section), in which the first and second pairs of lateral 

lobes are discernible, includes Dalmanites phiUipsi Barrande, from 6tage D* (Neo-Ordovician) ; 

Phacops dovmingi Sowerby, from the Wenlock (middle Silurian) ; Phacops glockeri Barrande, 

from 6tage E' (middle Silurian) ; and Phacops pupiUus Lake and P. africanus Salter, from 

the Bokkeveld (Eo-Devooian). Section 2, the group of Phacopidella anceps Clarke, in which 

only the third pair of lateral lobes is developed, the first and second pairs being either entirely 

obliterated or exceedingly faint, includes Pha^copideUa nylanderi Clarke, and PJiacopideUa 

chapmani sp. nov., from the Chapman sandstone; Phacopidella brasiliensis Clarke, from the 

Lower Coblenzian of Rio Maecuru ; and PJuicopidella anceps Clarke, from the Oriskany-'^ Comif- 

erous" transition beds. 

Phacopidella chapmani sp. nov. 

Plate XXII, figures 1, 3. 

Cephalon elongate-paraboloid, angular in front. Length 4.25 millimeters; width 5.5 milli- 
meters; greatest width opposite the occipital furrow. Genal angles broadly rounded. The 
glabella is elongate, expanding slightly in width from the occipital ring forward. The frontal 
lobe of the glabella is much longer than wide; its width is only half the total length of the 
cephalon. The frontal lobe is most tumid between the eyes. Anteriorly it descends, merging 
into the general convexity of the shell. The posterior half of the frontal lobe is marked by an 
angulated ridge, which, with the elongation of the cephalon and the gibbous form, seems at first 
to be due to bilateral compression in the rock; but the presence of a similar ridge in Phucopi- 
deUa anceps Clarke, a flatter species, and the absence of such a ridge in P. bra^liensis, a gibbous 
species, together with the variabiUty in outline and convexity of the cephalon in the different 
species, have led to the beUef that the characters indicated are to only a slight extent due to 
compression. This angulated ridge dies out over the third glabellar lobe before reaching the 
occipital groove. The first and second glabellar furrows and lobes are totally lacking on the 
clean internal mold. The third pair of furrows are represented as deep transverse pits which do 

1 Reed, F. R. C, The classification of the Fhacopidie: Geol. Mag., new aer., decade 5, vol. 2, pp. 225, 227, 1906. 
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not quite meet medially^ forming an incomplete furrow. The occipital furrow extends across 
the glabella as a wide groove, the ends of which are developed into transverse pits of the third 
pair of lateral furrows. Between these two pairs of pits the third glabellar lobes are developed 
as a narrow ring which is somewhat thinner than the occipital ring. The palpebral lobes are 
minute; the eyes are large and strongly elevated. They extend to the midlength or slightly in 
advance of the midlength of the cephalon and occupy a width equal to 0.8 the length of the 
cephalon. The facial structure is faint and extends very nearly horizontally from behind the 
eyes, reaching forward but little. The free cheeks are steeply incUned. The border is rather thin. 

Size minute. Length 4.25 millimeters; width 5.5 millimeters; a minute pygidium from 
Edmunds Hill, suggesting in its semicircular outline the pygidia of Phacops, Proetus, etc., is 
referred to the present species. The pygidium is 4 millimeters long and 6 millimeters wide and 
shows six annulations on the elevated axis. 

PhacopideUa cJiapmani is easily distinguished from all the described species of Phacopidella 
by the narrowly elongate glabella, the maximum width of which is scarcely half the length of the 
cephalon. The elongate outline of the cephalon is also characteristic. 

Locality: Chapman sandstone, Edmunds Hill (locality 1099M), Chapman Township, Aroos- 
took County, Maine. 

U. S. National Museum, catalogue No. 59882. 

Comparisons. — In the median angulation or ridge on the glabella the species approaches 
P. anceps Clarke,* from the base of the "Comiferous," or rather the Oriskany-^Comiferous" 
transition beds of Ontario, but is distinguished by having the glabella and cephalon more 
elongate, as well as by having the third glabellar lobes proportionately narrower with refer- 
ence to the occipital ring. The transverse pits in the occipital groove of P. anceps are not so 
well developed as in P. chapmani. 

Clarke ' has described a cephalon of PTuicopideUa nylanderi from Edmimds Hill, the local- 
ity where P. chapmani was found. P. nylanderi Clarke as figured and described is entirely 
distinct from P. chapmani; it is much broader, the glabella is also broader, it lacks the median 
angulation, and the genal angles are sharper. 

aenus SYNFHOBIA Clarke. 

The genus Synphoria Clarke is now made to include all the trilobites' differing from the 
typical Dalmanites m having the margin of the cephalon bizarrely ornamented with spines. 
This ornamentation in the various forms previously classed as different genera — Probolium, 
Odontocephalus, Corycephalus, etc. — but now grouped together in the genus Synphoria, may 
consist of a single spin^ projecting in front of the cephalic rim, or the spine may be a two- 
pronged or three-pronged fork, or the rim of the cephalon (both front and side) may include a 
row of numerous spines or crenulations. A common feature in all the forms included in Syn- 
phoria is the coalescence or tendency to coalesce laterally of the first and second glabellar lobes. 
These fossils also have the genal angles spinose, and the pygidium usually ends rather sharply 
or in a spine. Among the several groups of Dalmanites the Synphorias usually possess the 
maximum number of axial segments in the pygidium. 

The Chapman collections include two elongate, acutely ending pygidia representing at 
least one and probably two species of Synphoria. Unfortunately, the cephalon and the margi- 
nal ornamentation are unknown. 

Dalmanftes (? Synphoria) a sp. nov. 

Plate XXII, figure 8. 

This species is represented by an elongate pygidium unomamented in internal mold. It is 
characterized by its depressed convexity, the specimen being nearly flat, and by having the 
axis of the pygidium depressed below the level of the sides. About 12 segments seem to have 

1 Clarke, J. M., As trilobitos do grez de Erere e Maecuru, Estado do Para. Brazil: Mus. nac. Rio de Janeiro Arch., vol. 9, p. 16, pi. 1, fig. 3, 1892. 

s Clarke. J. M., Some new Devonian fossils: N. Y. State Mus. Bull. 107, p. 1G6, 1907. 

» Clarke, J. M., The Oriskany fauna of Becraft Mountain, Columbia County, N. Y.: New York State Mus. Mem,, vol. 3, No. 3, pp. 1&-18, 1900. 
Van Ingen, Gilbert, The SUuric fauna near Batesville, Ark., pt. 2, Paleontology [trUobites]: Columbia Univ. School of Mines Quart., vol. 23, pp. 
34-74, 1901. Reed, F. C. R., The classification of the Phacopidse: Oeol. Mag., new ser., decade 5, vol. 2, p. 225, 1905. 
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been present on the axis; they are transverse, hardly if at all arching forward. Nine appar- 
ently ungrooved segments may be counted on each side. The apex of the pygidium is acute 
and sUghtly deflected upward, but whether prolonged into a terminal spine or not can not be 
stated, as the extreme apex is broken off. 

Length (of pygidium) 17 millimeters, width 16.5 millimeters. 

Locality: Ferruginous blocks of the Chapman sandstone on Edmunds Hill Gocality 1099 C^), 
Chapman Township, Aroostook Coimty, Maine. 

U. S. National Museum, catalogue No. 59883. 

Comparisons. — ^The pygidium closely resembles that of the Oriskanian DalmanUes (Syrir' 
phoria) stommatus var. convergens Clarke,* from Becraft Mountain, N. Y., but in that variety 
the outline ia slightly less tapering and the axis is more profusely annulate. 

Dalmanites (Synphoria) meeki Walcott,^ from the Lower Devonian limestone of the Eureka 
district, Nev., is similar, but has the pygidium slightly less acute and the posterior extremity 
more strongly deflected upward. 

Dalmanftes ( ? Synphoria) P sp. nov. 

Plate XXII, figure 5. 

Li a second species of Synphoria the pygidium is more gibbous and the axis is elevated 
above the sides. Twelve or thirteen annulations may be counted in the axis on the exterior; 
the last two annulations are not discemibly impressed on the ulterior. The axial rings arch 
forward prominently. Nine segments may be coimted on each side; these are wider than the 
interspaces. The forward lateral segments of the pygidium are grooved, but the grooves are 
visible only on the exterior mold, and even there are exceedingly faint. The surface is devoid 
of tuberculations. In this as well as in the preceding form the margin is entire, and the pos- 
terior termination of the pygidium is hardly at all deflected upward. 

Length of pygidium 12.66 millimeters; width, approximately 12 milUmeters. 

Locality: Chapman sandstone, with Spirifer cyclopterus Hall, west side of Edmunds Hill 
(locality 1099M), Chapman Township, Aroostook County, Maine. 

U. S. National Museum, catalogue No. 59884. 

Comparisons, — This species is closely allied to Dalmanites (? Synphoria) alpJuij from which 
it is distinguished by its stronger convexity and by having its axial rings more strongly arched 
in the middle. The differences may, however, be due to deformation in the rock, and the 
specimens may possibly represent the same species. 

The fossil is similar to the Eo-Devonian Dalmanites (SynpTioria) condnnus Hall,' from the 
Schoharie grit, Schoharie, N. Y., in outline, niunber of segments, arched axial rings, and non- 
deflected apex, and in having the lateral segments broad and flat, but it lacks the well- 
demarcated border of the New York species, in which, moreover, the lateral segments are more 
strongly grooved than in the Chapman sandstone fossil. 

OSTRACODA. 

By E. O. Ulrich. 
Family BEYRICHIIDiC 
Oenus CTENOBOIiBINA Ulrich. 

Ctenobolbina(?) cornuta n. sp. 

Plate XXVII, figures 17-19. 

This species is represented by a single specimen retaining both valves. These, though 
widely opened, are yet joined along their cardinal edges. The length is about 1.8 millimeters, 
height 1.1 millimeters, greatest thickness through middle of joined valves probably about 0.9 
millimeter. 



» Clarke, J. M., New York State Mus. Mem., vol. 3, No. 3, p. 19, pi. 2, fig. 4, 1900. 

« See Hall, James, and Clarke, J. M., Paleontology of New York, vol. 7, p. 32, pi. 11 A, figs. 28-30, 1888. 

> Idem, p. 30, pi. 11 A, ligs. 9, 10, .11, 1888. 

50245'*— No. 89—16 19 
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Surface of valves moderately and rather evenly convex except in the posterodorsal quar- 
ter. This contains a small but prominent conical node, located just within the dorsal edge 
and about one-fourth of the total length of the valves in front of the posterior extremity.^ On 
the anterior side this node is outUned by a narrow curved sulcus which dies out before reach- 
ing halfway across the valve. The outline of the valves is subovate, straight along the dor- 
sal side, and slightly narrower in front than behind. The anterodorsal angle terminates in 
a short spine, but the other extremity of the hinge line seems obtusely angular or narrowly 
rounded. A narrow border on the free edges. This overhangs and in a side view conceals the 
true contact rims. 

CtenohoTbina (?) comuta is characterized by an imusually simple type of carapace. The 
main sulcus alone remains, and this is much shorter than is the corresponding depression in 
nearly all of the species previously referred to the genus. The conical node also is situated 
nearer the dorsal edge than is the corresponding node in all of the other species of the genus in 
which anything of the kind has been observed. The brevity of the sulcus and the dorsad posi- 
tion of the node which, moreover, is an exceptionally prominent feature, will therefore readily 
serve in recognizing the species. There should be no trouble in distinguishing it from the 
associated species of Beyrichia. 

Formation and locality: Chapman sandstone, right bank of South Branch of Presque Isle 
Stream, at end of Tweedy Road, Chapman Township, Aroostook Coimty, Maine. 

QenuB ZYGOBEY&ICHIA n. gen. 

This new generic name is proposed for a group of large Beyrichiidee that seems to represent 
a departure from the typical beyrichian stock at a time when other considerable changes in 
the family were inaugurated. So far as known the oldest of these species is an undescribed 
form found in the late Silurian Tonoloway limestone of Maryland. Three other species occur 
in this early Devonian faima, one of them being identified with a species described from the 
Lower Devonian rocks of Devonshire, England, by Jones and Woodward under the name 
Beyrichia devonica; the other two are apparently new. At least one and probably two more 
species having the same generic features are included in unworked collections in the United 
States National Museum, prociu'ed, like the others, from rocks lying near the Silurian-Devonian 
boundary in eastern North America. 

Judging from this representation the new genus is distinguished from Beyrichia (1) by the 
partial or complete obsolescence of the posterior lobe and (2) by the excessive development 
of the ventral junction of the median and anterior lobes. These peculiarities, especially on 
accoimt of the looplike form of the confluent lobes, impart an aspect suggestive more or less 
strongly of species now referred to the B. ungvla section of the genus Bollia. That this 
resemblance to Bollia is more apparent than truly indicative of genetic relationship seems 
reasonably certain from the negative fact that intermediate stages are imknown, and more 
particularly from the positive fact that in this proposed generic group there is scarcely a sug- 
gestion of the marginal ridge that from the Ordovician to the Middle Devonian was always a 
more or less clearly developed feature in species of BoUia. On the other hand, the beyrichian 
afl^ities of Zygobeyrichia are clearly established by comparing those specimens of the new 
genus in which the posterior lobe is more noticeable than usual with such typical Silurian species 
of Beyrichia as B. Jcloedeni and B. lucJiiaTia. The lobes in such specimens — one is shown in 
Plate XXVII, figure 12 — are so readily correlatable with those of typical species of Beyrichia 
that detailed analysis seems unnecessary. When the range of these comparisons is extended 
so as to include the other species of the new genus, it will become increasingly evident that the 
only essential departures from the beyrichian stock are those mentioned in the opening sentence 

I The final decision as to which of the two ends is the anterior in these small bivalved Crustacea is yet a matter of the future. In the present 
work it was thought advisable to continue the method of orientation defended and employed by Vlrich and Bassler (U. S. Nat Mus. Proc., vol. 35^ 
pp. 277-340, 1909). To avoid confusion it should bo understood that good authorities, among them Jones and Bonnema, have commonly dencuni- 
nated as posterior the end here described as anterior. However, the criteria followed by them appear not to have led to uniform results. 
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of this paragraph. The obsolescence of the posterior lobe is more or less clearly noticeable in 
all, being carried to an extreme in Zygoheyrichia extrema, and the strong development of the 
ventral part of the loop remains a constant feature. 

Comparative studies of the Beyrichiid® clearly show that of the three lobes always found 
in the genus Beyrichia the posterior one is the least stable. It became particularly variable 
with the beginning of the Devonian when the representatives of the type of structure that pre- 
vailed so abundantly in the Silurian, and to which the genus has been confined by Ulrich and 
Bassler/ were reduced to a few in part aberrant species. In most of these survivors the posterior 
lobe tends to obsolescence, while in the predominating Devonian and Mississippian repre- 
sentatives of the family, chiefly included in the genera Hollina, Treposella, and the new Zygo- 
heyrichia, this lobe is commonly weak or quite effaced. 

A similarly modest development of the posterior lobe is observed in nearly all of the species 
of Kloedenia, another genus that attained its acme in the latest Silurian and early Devonian. 
The swelling of the dorsal part of the median lobe, that is so well shown in the three species 
representing Zygobejrrichia in the Chapman sandstone, likewise recalls Kloedenia. These 
similarities, however, though suggesting genetic relationship, seem to indicate generic diver- 
gence from a common beyrichian root rather than specific modifications within the same generic 
group. 

Zygoheyrichia apicalis n. sp. has been selected as the genotype. 

Ztoobeybichia devonica (Jones and Woodward). 

Plate XXVII, figures 1-6. 
1889. Beyrichia devonica. Jones and Woodward, Geol. Mag. Dec. 3, vol. 6, p. 386, pi. 9, figs. 3an3d (? 4, 5). 

This well-marked species is represented in the collections by four or five specimens that 
closely simulate the British (Devonshire) specimens on which Jones and Woodward founded 
the species. The middle lobe extends well-nigh to the dorsal edge and is inflated and somewhat 
conically prominent in its upper part. Beneath this the relatively attenuated though high 
ventral part curves forward to join the less sharply defined anterior lobe, the two forming a loop 
of the kind conamonly developed in species of Beyrichia like Beyrichia huchiana and B. khedeni. 
In the present species, however, the posterior lobe is so imperfectly developed that the loop 
formed by the junction of the median and anterior lobes is imusuaUy conspicuous. In conse- 
quence the general aspect of the valves is decidedly suggestive of BoUia, particularly of species 
of tile B. ungula section of the genus. 

The ventral pouch of the female form of the species has been observed in only a single ex- 
ample. (See PL XXVII, fig. 4.) This shows the pouch to be imcommonly elongate, elliptical 
in form, and its longer axis more nearly parallel with the dorsal edge than in any species of 
Beyrichia or any other species of Zygoheyrichia known. In both respects the pouch of Z. 
devonica approaches the same structure in the nearly contemporaneous Mesomphalus hartleyi 
Ulrich and Bassler. 

Some variabiUty in dimensions and form is observable among the Chapman sandstone 
Ostracoda, here regarded as agreeing too closely to be distinguished even as a variety from tho 
best of the British specimens originally figured and described by Jones and Woodward under 
the name B. devonica. Though much of this apparent variability doubtless is attributable to 
distortion of the valves subsequent to bmial, it yet appears that as a rule the posterior ridge is 
a lesser feature, and the anterior ridge less sharply defined on its anterior side in these American 
species than in the Devonshire types ol the species. It is to be remarked, however, that both 
of these ridges are no less obscurely developed and the anterior end equally obtuse in specimens 
originally, and also in others subsequently, referred to B. devonica by Jones himself. 

It is of interest and possibly of stratigraphic significance to note hero that the older Pem- 
broke formation contains an abundance of more or less crushed valves of an ostracode that, in 
the features mentioned, agrees even better than these Chapman sandstones specimens with the 

1 Ulrich, £. O., and Baasleri R. S., Prolimixiary revision of the Beyrichiidse, with deBcriptions of new genera: U. 8. Nat. Mos. Froo., vol. 35» 
pp. 277-^40, 1909. 
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anterodorsally angular British and Turkish specimens originally referred to B, devonica by 
Jones and Woodward. Possibly two closely allied species have been united under this name. 

The length of the specimens commonly varies between 2.5 and 3.5 millimeters, the average 
being little more or less than 3 millimeters. Allowing for distortion by pressure, the height is 
approximately half the length. 

Formation and locaUty: Chapman sandstone, right bank of south branch of Presque Isle 
Stream, at end of Tweedy road, and Edmunds Hill, Chapman Township, Aroostook County, 
Maine. 

Ztgobeyrighia apicalis n. sp. 

Plate XXVII, figurefl 11-16. 

This fine species is related to the associated Beyrichia devonica. It is readily distinguished 
by its relatively shorter form, and because of the fact that the dorsal part of the median lobe is 
even more prominent and therefore also more distinctly separable from the lower curved part 
of the loop. Furthermore, the base of the median lobe does not reach the dorsal edge, the lobe 
as a whole appearing, in a side view of the valves, as occupying a position nearer the middle. 
Among other differences shown in the illustrations it should be noted that the dorsal extremity 
of the posterior lobe is more prominent and lies nearer the postdorsal angle. Also, that the 
flattened border on the free edges, especially in the testiferous specimens, is more distinctly 
developed. 

Two excellently preserved valves — ^both right and left — of the female form of this variety 
show the ventral pouch to be of medium size and located wholly in the posterior three-fifths of 
the valves. Its thickest part projects a trifle beyond the ventral edge. The whole surface of 
the pouch is minutely and closely punctate, forming a neat reticulation in which the arrange- 
ment of the punctae in longitudinal series predominates. This network extends some distance 
upward on the anterior lobe, but dies out long before reaching the dorsal edge. A similar punc- 
tation crowns the swollen part of the median lobe. The remaining parts of the surface of the 
valve are smooth. 

Length of carapace 2.5 to 3.2 millimeters, with the average but little under 3 millimeters. 
Height somewhat greater than half the length, the two measurements commonly in the ratio 
of 3 to 5, respectively. Greatest thickness of complete carapace approximately equal to the 
height. 

No other described species seems so closely allied as B. devonica, from which it has been dis- 
tingubhed. Further comparisons, therefore, are deemed unnecessary. 

Formation and locality: Chapman sandstone, right bank of south branch of Presque Isle 
Stream, at end of Tweedy road, and 2 miles west of Presque Isle Stream, Chapman Township, 
Aroostook County, Maine. 

Zygobeybichia extrema n. sp. 

Plate XXVII, figures 7-10. 

The specimens for which this new specific name is proposed agree among themselves in 
the ahnost complete obsolescence of the posterior lobe. The main sulcus is centrally situated, 
deep, and extends from the dorsal edge at least three-fourths of the distance to the ventral 
margin. The ridge corresponding to the usual median lobe of Beyrichia is high, somewhat 
expanded above, but on the whole of moderate thickness. Below it joins, by means of a loop- 
like connection, the base of the anterior lobe. The latter is large, thick, and sharply defined 
on its inner side by the deep sulcus, but on its outer side merely slopes somewhat rapidly to the 
level of the valve margin. Remains of the test indicate that the elevated parts* of the outer 
surface are covered with small pustules. Ventral pouch of female high, bulbous, strongly 
oblique with respect to the hinge Une, and wholly confined to the posterior half 

Length of a well-preserved left valve 2.3 millimeters, greatest height 1.5 millimeters, 
greatest thickness (to summit of median lobe and ventral part of loop) about 0.9 millimeter. 
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From its congeneric associates in the Chapman sandstone Zygobeyrichia extrema is dis- 
tinguished at once by its shorter and more gibbous form, and especially by the narrowness of 
the space between the bulbous median lobe and the posterior margin. From species of Kloedenia 
it differs conspicuously in the practijcally complete loss of the posterior lobe, the greater depth 
and length of the sulcus, and the ventral prolongation, prominence, and looplike confluence of 
the median and anterior lobes. Compared with species of Beyrichi.a the total obsolescence 
of the posterior lobe and the great prominence and strength of the ventral loop modify its 
general expression so greatly that confusion seems almost impossible. 

Formation and locality: Chapman sandstone, right bank of south branch of Presque Isle 
Stream, at end of Tweedy road, Chapman Township, Aroostook Coimty, Maine. 

VERTEBRATA. 

Class AONATHA Eastman. 

Order ANTIARCHA Eastman. 

Family ASTEROLEPIDiC Traquair. 

Genus ASTEBOLEPIS Eichwald. 

AsTEROLEPis CLARKEi Eastman. 

Plate XXII, figure 19. 

1907. Asterolepia clarkei. Eastman, New York State Mua. Mem. 10, p. 40, pi. 7, figs. 7, 8. 
Chapman sandstone: Chapman Plantation, Aroostook County, Maine. 

The single specimen of this interesting fossil found in the Chapman sandstone was sub- 
mitted for identification to Dr. Charles R. Eastman, who kindly reported as follows: 

The specimen you have sent me, as far as one can determine from its general configuration, proportions, and style 
of ornamentation, may be regarded with reasonable confidence as one of the dorsomedian plates of the imperfectly 
known Ostracophore which has been described from the same horizon — Asterolepis clarkei. Although somewhat smaller 
than the holotype, and with finer and more closely crowded stellate tubercles, the presence of a distinct median longi- 
tudinal ridge and the laterally sloping surface on either side of it are characteristics which render an association with this 
unique form fairly certain. 

The dimensions of the original specimen were described as follows: "Extreme width of 
the plate is slightly in excess of the total length, which amounts to 4 centimeters in the type 
specimen.'* 

The present specimen is about 2.5 centimeters long and about 2 centimeters wide, and the 
tubercles are smaller than those of the type specimen in the same proportion. 

Locality: Chapman sandstone, 2 miles west of Presque Isle Stream, Chapman Township, 
Aroostook County, Maine. 

U. S. National Museum, catalogue No. 7709. 

PLANTiE. 

In some of the strata of the Chapman sandstone traces of plants have been discovered, but 
specimens which show sufficient characters to indicate possible relationship with described 
forms are rare. A few small branching stems have the habit of Psilophyton princeps Dawson. 
The material does not, however, show the spinose processes that appear on good specimens of 
that species. Other fragments are woody stems several inches in length, but these display no 
characteristic habit of growth, ornamentation, or, so far as is apparent, cellular structure. In 
suggesting a general resemblance in habit of some of the fragments to Psilophyton I do not intend 
any identification with Dawson's genus. Too often the name Psilophyton princeps Dawson and 
the generic name Psilophyton have been used as conmion receptacles for fragmental plant 
remains of the general Psilophyton aspect. David White ^ has indicated that plant remains of 
this general expression belong to a diversity of genera. 

1 Smith, O. O., and White, De-id, The geology of the Pecry Basin in southeastern Maine: U. S. Qeol. Surv^ Prof. Paper 36, pp. 58 et seq., lOOOi 
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AGE AND CORREIiATION OF THE CHAPMAN FAUNA. 

In the preliminary report on the Chapman fauna its general affinity with the later phase 
of the American Helderbergian fauna was announced/ and attention was also directed to the 
presence of species linking it with corresponding faunas of England and other European coun- 
tries. The detailed study of the species described in the present volume sufficiently demon- 
strates Ikhese correlations. It remains to summarize the nature of this evidence and to make the 
correlations more precise.' 

In making an estimate of the correlation of the Chapman sandstone with outside formations, 
the greater importance attaches to the species recognized in other geographic areas; and in 
order to decide whether two distinct horizons are represented, the list of species common to both 
is of first importance. 

1. The following species occur in both divisions of the Chapman sandstone — the presumably 
lower horizon of Presque Isle Stream and the coimtry west thereof, and the higher horizon 
about Edmunds Hill : 



Orbiculoidea discuB Hall (Helderbeigian). 
Chonetee stiiatifiBimus sp. nov. 
Renflselaeria mainensis ^raiiams. 
Spirifer concinnus Hall (Helderbeigian). 
Nucleospira ventricosa Hall (Helderbergian). 
Paleoneilo mainensiB Clarke. 
Paleoneilo mainenais var. umbonata var. nov. 
Preavicula oblonga (Hall) (Helderbeigian). 



Plectonotus trilobatus (Sowerby) (Silurian and Devonian). 

Tropidodificus obex Clarke. 

Holopea ( Auriptygma) beushauseni Clarke. 

HomalonotuB laticaudatus sp. nov. 

Tentaculites schlotheimi Koken (Taunusian). 

?Pol}rpora cf. P. lilsea Hall (Helderbeigian). 

?08tracode8 (several species). 



2. Species of the Chapman sandstone listed from other localities are as follows: 



Orbiculoidea discus Hall (Helderbergian). 

Leptoetrophia perplana (Conrad) (*'Comiferous" to 

Chemung). 
Including L. planulata Hall, the commonest Chapman 
form (Helderbeigian). 
Leptsena rhomboidalis Wilckens (Trenton to MiBsissip- 

plan). 
Schuchertella deformis (Hall) (Helderbergian). 
Hipparionyx unguiformis Conrad (Oriskany). 
Chonetes novascoticus Hall (Aymestry to Ludlow faunas). 
Dahnanella planiconveza Hall (Helderbeig to Oriskany). 
Dalmanella cf. D. circularis (Sowerby) (Taunusian to 

Lower Coblenzian). 
Stenoecisma formosa Hall (Helderbergian). 
Eatonia singularis (Vanuxem) (Helderbeigian). 
Cyrtina rostrata Hall (Oriskany to "Comiferous"). 
Spirifer concinnus Hall (Helderbeigian). 
Spirifer cyclop terus Hall (Helderberg to Oriskany). 
Nucleospira ventricosa Hall (Helderbeigian). 
Meristella cf. M. bella Hall (Helderbergian). 



Grammysia acadica Billings (late Silurian). 

Tellinites gibbosa var. kayseri Beushausen (Lower 
Coblenzian). 

Tellinites gibbosa var. crassa Beushausen (Lower Co- 
blenzian). 

Nuculoidea cf. N. aquisgranensiB Beushausen (Lower 
C/oblenzian). 

M^ambonia (Preavicula) oblonga Hall (Helderbeigian). 

Cypricardella cf. C. bicostula Krantz (Siegen graywacke). 

Plectonotus trilobatus (Sowerby) (late Silurian to Co- 
blenzian). 

Coelocaulus planogyrata Hall (Helderbeigian). 

Homalonotus vanuxemi Hall (Helderbergian). 

Pleurodictyum problematicum Goldfuss (Gedinnian to 
Coblenzian). 

Tentaculites schlotheimi Koken (Taunusian). 

Comulites serpularis Schlotheim (Silurian and Lower 
Devonian). 

Polypora lilaea Hall (Helderbergian). 

Polypora psyche Billings (Oriskany). 



I Wflliams, H. 8., U. S. Geol. Survey Bull. 166, pp. 82 and 88, 1900. See also Am. Jour. ScL, ith gbr., vol. 14, pp. 203 et aeq., 1000. 

s Whfle oorrecting the proof sheets of this paper I have received Clarke's " Conceptions regarding the American Devonic " (New York State 
Mus. BulL 177, pp. 115-133, 1915). It should be noted that the manuscript of this paper was completed five years ago and that no attempt Is 
now made to refer to the large amount of literature bearing upon many points herein discussed which has been published since 1910.— H B. 
WiLUAlfS, October, 1915. 
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Of the species common to both horizons of the Chapman sandstone (list 1) those positively 
identified with previously described American species whose horizon in the New York section is 
definitely known are Helderbergian; these species number 5 out of the 14 listed. None of these 
common species is recorded in America from any horizon known to be distinct from the Helder- 
bergian. Of the described species with which specimens of the Chapman sandstone have been 
identified (list 2, above), 12 are reported from only the Helderbergian of North America, 1 is 
reported from the '*Comiferous/' 2 are common to the Helderbei^ and Oriskany, 3 come from 
strata above the Helderberg, 1 from strata below the Helderberg, 1 from the Silurian, and 9 
from European localities in the Lower Devonian. Removing the 9 European species from the 
30 listed leaves 21 species, of which 15 occur in the Helderberg of America; 6 appear in formations 
above the Helderberg, 4 of which are Oriskany species. The distribution of the species through- 
out the Chapman sandstone and the identifications with described species make clear the 
correlation with the general Helderbergian f aima. A few species appear which were not present 
in the typical Helderbergian of North America, though they were present in the following 
Oriskany. 

3. The following species recognized in the Chapman sandstone signify afl^ity with eastern 
transatlantic f aimas : 



Dalmanella cf . D. circularis (Sowerby). 
Tellimtee gibbosa var. kayseri (Beushausen). 
Tellinites gibbosa var. craasa (Beushausen). 
Nuculoidea cf. N. aquisgranensis (Beushausen). 
Cypricardella cf. C. bicoetatula (Krantz). 



Plectonotus trilobatus (Sowerby). 
Pleurodictyum problematlcum Goldfuss. 
Tentaculites schlotheimi Koken. 
Comulites serpularius Schlotheim. 



4. Other species listed by Clarke * are the following: 



Leptostrophia magnlfica parva Clarke (Coblenzian). 
Dalmanella drevermanni Clarke (Coblenzian). 
Coelidium tenue Clarke (Spirifer sandstone). 
Eotomaria hitchcocki Clarke (Tilestones and Spirife) 

sandstone). 
Pterinea cf . P. fasciculata Goldfuss. 
Paleoneilo mainensis Clarke (Coblenzian). 
Nucula cf. N. krachtft A. Roemer (Coblenzian). 
Paleosolen simplex Maurer (Coblenzian). 
Spirifer subcuspidatus lateincisus Scupin (Coblenzian). 
Spirifer cymindis Clarke (Upper Coblenzian). 
Spirifer C3rmindis var. sparsa Clarke (ef. Coblenzian). 



Platyceraa kahlebergensis Beushausen (Spirifer sandstone, 
Harz). 

Loxonema cf. L. funatum A. Roemer (Spirifer sandstone, 
Harz). 

Holopea beushauseni Clarke (see Macrocheilus?) (Spirifer 
sandstone). 

Modiomorpha vxilcanalis Clarke (see Goniophora cognata 
and Modiomorpha elevata) (Lower Coblenzian). 

Grammysla modiomorpha Clarke (Upper Coblenzian). 

Spirifer macropleuroides Clarke (Lowest Devonian, Harz 
and Bohemia). 

Chonetes aroostooki Clarke (Tilestone and Spirifer sand- 
stone). 

From the foregoing lists it is evident that this fauna is intimately related on the one hand 
to the Tilestone fauna of England and on the other hand to the so-called Hercynian fauna of the 
Continent, the opinion expressed in 1900,^ after a preliminary study of this fauna, being abun- 
dantly confirmed. 

This faunal relationship must not be confused with either formational or chronologic 
identity. The fact that the same species occur in beds on the two sides of the Atlantic indicates 
that the sediments of the two regions were deposited within the period of time during which 
the species lived together in a faunal community; but it does not necessarily follow that there 
was, at the exact time of deposition of the Chapman sandstone, an open-sea connection between 
the two areas, through which the species were distributed by migration. 

The conclusion advanced above is supported by the presence of identical species on both 
sides of the Atlantic, but, on the other hand, there is abundant evidence of unlike species dis- 
tinguishing the Chapman fauna from both the Tilestone and the Coblenzian fauna§ of Europe. 

On comparing the Chapman fauna with transatlantic faunas, it should be noticed that the 
faima which succeeds the Tilestone (Downtonian) of Great Britain is of brackish-water habitat 
(the Old Red sandstone), and that in northern Europe the fauna preceding the Taunusian and 
the Coblenzian is the Gedinnian, which is not directly represented in America. 

1 Clarke. J. M., New York State Mus. Bull. 107, pp. 15^-291, 1907. 

s Williams, H.S.,SIluiian-Devoxiianboundaz7 In North America; 1. The Chapman sandstone fauna: Am. Jour. Scl., 4th ser., vol.9, pp. 20^-213, 
lCarch,1900. 
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Similar differences are observed in the changes marking the sections of Oaspe and New 
York. Before Middle Devonian time brackish-water and land areas had developed along the 
eastern border of North America (New Brunswick and Nova Scotia), while over New York 
marine sedimentation was in progress. The fact that the marine faimas preceding this conti- 
nental uplift have common species on both sides of the Appalachian divide and in ]B?urope 
shows evidence of a connection whereby species could pass from one sea to the other. In 
Middle Devonian time, however, the faunas of New York and north continental Europe were 
evidently developed in separate basins. 

These facts indicate that the elevation which brought in the Old Red sandstone sedimenta- 
tion in central and northern Great Britain was connected with the upward lifting in eastern 
North America, but that the change from marine to land conditions in Great Britain may not 
have been quite contemporaneous with the corresponding change marking the passage from 
marine beds to brackish-water sandstone in the eastern provinces of Canada. It is not sur- 
prising, therefore, to find the faunas of this transition period in the marine region showing 
closer affinity with the Lower Devonian faunas of Europe than with the typical Lower Devonian 
faunas of New York; nor is it surprising to find the European Lower Devonian faunas carrying 
many species which are present in the New York Middle Devonian, these species making their 
way into New York across the Atlantic in Lower Devonian instead of Middle Devonian time 
and finding expression in these transition faimas of the eastern provinces. The remarkable 
combination of species in the more recent of the limestone blocks in the breccias of St. Helens 
Island * confirms this view. 

In northern Europe the greatest faunal change in the early true Devonian appears to have 
taken place at the horizon separating the Upper Coblenzian from the Lower Coblenzian beds. 
As Freeh * notes, the genera Tropidoleptus, Rensselaeria, and Cypricardella are lacking in the 
"zone of Spirifer paradoxus,'' although they are common in the lower beds, and Orihis (Dalr 
manella) drcvlaris Sowerby is also found in the lower but not in the upper beds. The upper 
beds, however, contain many species which range below into the Lower Coblenzian; and the 
marine faimas, even with change of species, do not indicate so much a breaking up of the marine 
fauna as an introduction of new types and departure of old types with the advance in the 
succession. For purposes of correlation between the European and American sections, it 
should be remembered that the species in the Chapman fauna which are identical with the 
European forms belong to the faimas which are weU developed before the beginning of the 
Upper Coblenzian, rather than to the fauna conspicuous after that time. 

From both the European and the American relations of the Chapman fauna it seems to 
be strictly Lower Devonian; it presents close affinity with the Helderbei^an fauna of New 
York, but shows a greater mixture of European types than the typical Helderbergian. In com- 
parison with the northern Europe section, the Chapman fauna shows affinity with the Lower 
Devonian, particularly with that portion of it below the Upper Coblenzian. It is a later fauna 
than the Tilestone or Downtonian of Great Britain or the terminal marine fauna of Arisaig, 
Nova Scotia. 

If in place of examining the fauna as a whole we select for comparison special biologic 
groups of species, the result points in the same direction. 

The biologic group presenting the greatest number of species recognized as identical with 
species already registered is that of the brachiopods. Of these 28 species are listed in this 
report, and 19 of them are identified with species already described. The following species 
are listed by.Schuchert ' as restricted to the Helderberg: 



Orbiculoidea (Koemerella) discus Hall. 
Schuchertella deformis (Hall). 
Stenocisma formosa Hall. 
Eatonia singularis (Vanuxem). 



Spirifer concinnus Hall. 
Xucleospira ventricosa Hall. 
Meristella cf. M. bella Hall. 



I Williams. H. S., On the fossil faunas of the St. Helens breccias: Roy. Soc. Canada Trans., 3d ser., vol. 3, pp. 205-246, 1910. 

> Freeh, Fritz, Lethsea palsozoica, vol. 2, p. 151, 1897. 

s Schuchert, Charles, A synopsis of American fossil Brachiopoda: U. S. Oeol. Survey Bull. 87, pp. 43 et seq., 1897. 
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One species is exclusively Oriskany : 

Hipparionyx ungulfonniB Conrad (=H. proximue Vanuxem). 

The following species range through both the Helderberg and the Oriskany: 

Leptsena rhomboidalia Wilckens. Cyrtina rostrata Hall. 

Dalmanella planiconvexa Hall. Splrifer cyclopterus Hall. 

Thus 12 of the previously registered species of Brachiopoda belong to the known Helder- 
bei^ and Oriskany of America (as known in 1897). In Schuchert's revision * of the faunas in 
1900, the species Usted as strictly Helderbergian were stiU so restricted. I conclude, there- 
fore, that the evidence furnished by the brachiopods strongly indicates the same f aima which 
characterized the deposits of Helderbergian age in the interior, with admixture of species belong- 
ing to an arenaceous phase of the deposits which was of later expression in the interior, and 
that the Chapman fauna is to be correlated with the Helderbergian fauna of the interior seas. 

The species of brachiopods which constitute the most conspicuous part of the faunas col- 
lected in the Chapman sandstone are as follows: 

Rensselacria mainenais. Spirifer conclnnus. Chonetes novascoticus. 

Spirifer sparsus. Spirifer cyclopterus. Chonetes striatiasimus. 

This combination is decidedly distinct from any reported west of Hudson River in North 
America. Although Spirifer conclnnus and S. cyclopterus are well represented in the Helder- 
bergian faunas of New York, Maryland, and Virginia, S, conclnnus is not reported from the 
interior North American locaUties of that fauna. The genus Rensselaeria is represented in 
both the Helderbergian and the Oriskanian faunas, but the three species of the Helderbergian 
fauna of interior North America are restricted in range to the outcrops of eastern New York. 
The particTilar species which is found abundantly in the Chapman sandstone shows affinity 
with the European Rensselaeria strigiceps in possessing a distinct cardinal area, a feature beUeved 
to be an early character of the race. But whether or not it is associated with an early stage of 
evolution, the dominance of this character places the species evolutionally at a time horizon 
different from that of the Oriskanian fauna of New York, in which the dominant characters of 
the genus are specifically distinct. The area of the pedicle valve appears to be present in small 
specimens, but it is conspicuous only in large specimens in which the shell substance is greatly 
thickened about the beaks and does not show in casts of the interior of sheUs showing both 
valves, though single shells show the area in the molds of the interior of pedicle valves. The 
Chonetes are of a type not seen in the Helderbergian fauna of the interior, though they are 
present in the still earUer Silurian. This typo appears in the Arisaig succession. 

Of the Chapman brachiopods the following identified species are Usted also by J. M. Clarke 
in other faunas east of Hudson River: 

Leptoetrophia perplana (Conrad) (as L. blainvLllei (Billings)), from the Gaspe sandstone. 

Leptsena rhomboidalis Wilckens, from the St. Albans, Cape Bon Ami, Grande Greve, and Dalhonsie formations. 

Hipparionyx unguiformis (H. proximus Vanuxem), from the Grande Greve and the Moose River sandstone. 

Anoplia nucleata Hall, from the Grande Greve beds. 

Cyrtina rostrata Hall, from the Grande Greve beds. 

Spirifer cyclopterus Hall, from the Grande Greve beds. 

Nucleospira ventricosa Hall, from the Grande Greve beds and St. Albans beds. 

Regarding the form Usted above as Leptostrophia perplana, examination of the various 
forms of the perplana type found in the Helderberg and Oriskany fauna seems to indicate that 
the size, sUght differences in outhne, and apparent differences in fineness of the stri» are not 
constant, and I have adopted perplana as a specific name, recognizing such forms as magnijica 
of HaU and irene, ivMiay and hlainviUei of BilUngs as local varieties. In correlation, therefore, 
Clarke's identification of magnijica and tuUia brings the form listed in this volume in the Chap- 
man fauna among those listed by Clarke from the Grande Greve and St. Albans beds. There- 
fore seven of the specifically identified species of brachiopods of the Chapman sandstone occur 
also in the Grande Greve beds of Gaspe Peninsula. 

• 

1 Schuch«rt, Charles, Lower Devonic aspect of the Lower Helderbenc and Oriskany formations: Oeol. Soc. America Bull.. toI. 11, pp. 241-332, 
1000. 
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There are fewer of the Oriskanian species in the Chapman fauna than in the Grande Greve 
fauna, and the evidence seems to indicate a somewhat earUer stage for the Chapman than for 
the Grande Greve. The community of characteristic species, however, indicates close asso- 
ciation of the two faunas. 

• This brachiopod evidence leads to the conclusion that the Chapman fauna is probably 
somewhat older than the Grande Greve fauna and certainly older than that of the York River 
(Gaspe sandstone) beds. It is also older than the faunas of the Moose Biver sandstone of Maine 
and the Nictaux beds of New Brunswick. 

FAUNA OF THE MOOSE RIVER SANDSTONE. 

In this work several species from the Moose River sandstone have been mentioned and fig- 
ured. It has not been the purpose to describe the f aima of this formation ; the species selected 
were brought in for comparison, chiefly to show that stratigraphically the Chapman fauna lies 
below this eastern representative of the Orbkanian fauna of New York. From the species 
cited it is evident that this Moose River sandstone is roughly equivalent to the Oriskany sand- 
stone of New York and the York River (Gaspe sandstone) of Gaspe Peninsula. As has been 
shown in the descriptions, most of the Moose River species cited do not occur in the Chapman 
fauna. With regard to the species of the Chapman fauna that are closely related to Moose 
River species the evidence is clear that the Chapman forms are earUer representatives of the 
evolutional lines to which they belong than the Moose River forms. In conclusion, attention 
is directed to the correlations of individual species to be found in the body of the paper. 

SOURCE OF THE SPECIES OF THE CHAPMAN FAUNA. 

While the species and genera have been under investigation, the question of their source has 
been constantly in mind. The evidence is clear that compared with corresponding faunas to 
the west the Chapman fauna shows greater affinities with transatlantic faunas; but the nimiber 
of species identical with European forms is too few to lead to the supposition that the Chapman 
fauna had a diflFerent soiu^ce from the corresponding New York faunas. It is more probable that 
the slight diflFerences between it and the New York Helderbergian may be accoimted for by 
local conditions and sUght differences in age, rather than by a di£Ferent source. 

The details of comparison from which these conclusions are drawn are brought out in the 
discussions of the genera and species in the body of the work, in which are recorded an abundance 
of references to closely allied species in every part of the world. These references furnish a 
contribution to the solution of the problem of sources, the study of which must be carried much 
further before generalizations of permanent value can be made. 
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PLATE I. 

[All the figures on this plate are approximately of natural size.] 

Figures 1, 4, 5, 8, 9, 12, 16, 18, 19, 20, Spiri/er e^doptntu Hall (p. 88). (See also PI. U, figs. 3, 5, 6, 7, 8, 10, 13, 14, 20, and PI. IV, figs. 1, 10.) 

Figure 2, Sptrifer montreaUfuia Williams (p. 113). (See also PI. II, figs. 2, 18.) 

Figures 3, 10, 23, 25, 26, Spirifer munkiaorU Castelnau (p. — ). (See also PI. II, fig. 9, and PI. IV, figs. 8 (T), 9 (?).) 

Figures 6, 7, apirifer eondnmu Hall (p. 89). (See also PI. II, figs. 1, 4, 11, 12; Pi. IH, fig. 8; PI. IV, figs. 5, 6; PI. V, figs. 16, 17.) 

Figures 11, 13, 14, 15, 17, 21, 22, 24, ajOri/er aparstu Clarke (p. 105). (See also PI. II, fig. 17; PI. IV, fig. 2.) 

1. Spirtfer cydoptenis Hall. Internal mold of a very laige brachial valve, the laigest seen. There are eight or nine 

ribs on each side. Chapman sandstone, west side of Edmunds Hill, Chapman Township, Aroostook County, 
Maine. 

2. Spirifer morUrealensis Williams (=''Spirifer cf . S. granulosus Conrad ** Schuchert). A large brachial vaJve in partial 

cast, showing between 16 and 22 narrow ribs on each side of the rounded fold. There are faint indications in 
the original of a slight groove in the upper part of the fold, but in the retouching the fold has been made to 
appear smooth. Breccias of St. Helens Island, Montreal, Canada. 

3. Spirifer murckisoni Castelnau. An average brachial valve in internal mold, showing a rather low rounded fold and 

six ribs on each side. Moose River sandstone, Detroit, Somerset County, Maine. 

4. Spirifer cyclopterus Hall. A brachial valve of average size in internal mold. There are only five or six ribs on each 

side; the outline is less transverse and more nearly square than in the specimen shown in figure 1. Chapman 
sandstone, west side of Edmunds Hill, Chapman Township, Aroostook County, Maine. 

5. Spiri/er cycloptenu Hall. Another brachial valve in internal mold, showing the rounded cardinal extremity on the 

right. There are on this side only seven ribs in the original, possibly eight. In retouching,' the specimen has 
been made to appear to have nine ribs on the side. Chapman sandstone, same locality as figure 4. 

6. Spirifer concinnus Hall. Internal mold of a gibbous brachial valve with nine or ten ribs on each side and of average 

size and proportions but having the fold simple. Chapman sandstone, Presque Isle Stream, Chapman Township, 
Aroostook County, Maine. 

7. Spiri/er concinnus Hall. A brachial valve in internal mold. This shows a deep median groove in the median fold, 

almost dividing the fold into two ribs. This character is more or less developed in most Maine specimens and 
shows a similarity to S. excavatus Eayser. Chapman sandstone, same locality as figure 6. 

8. Spiri/er cydoptenis Hall. A small pedicle valve in internal mold; six ribs on each side. This is the smallest 

specimen of the species in the collection. Chapman sandstone, same locality as figure 4. 

9. Spiri/er cyclopterus Hall. A small brachial valve in internal mold; seven ribs on each side. Chapman sandstone, 

same locality as figure 4. 

10. Spiri/er murchisoni C90telaaji. A brachial valve of average size in partial cast; six ribs on each side. Moose River 

sandstone, Detroit, Somerset County, Maine. 

11. Spiri/er sparsus Clarke. A brachial valve in internal mold with three strong undulations or folds on each side. 

This is not the ncnrmal aspect of the species but shows a close similarity to Delthyris raricosta. Chapman sand- 
stone, 2 miles west of Pfesque Isle Stream, Chapman Township, Aroostook County, Maine. 

12. Spiri/er cydoptenis Hall. A brachial valve of rather large size; internal mold; eight ribs on each side. Chapman 

sandstone, same locality as figure 4. 

13. Spiri/er sparsusC\sixke. A pedicle valve in internal mold; four ribs on each side. The musculature is impressed 

a little more strongly than usual in the species, though not so strongly as in i9. murchisoni (cf . figs. 25, 26). Chap- 
man sandstone, Presque Isle Stream, Chapman Township, Aroostook County, Maine. 

14. Spiri/er sparsus Clarke. A rather laige complete brachial valve in internal mold, showing the broadly rounded 

hinge extremities, the high subcarinate median fold extended in front, and with four or five ribs on each side. 
Chapman sandstone, Edmunds Hill, Chapman Township, Aroostook County, Maine. 

15. Spiri/er sparsus Clarke. A rather small brachial valve in partial cast, showing strongly elevated, rounded to sub- 

angular ribs, four on each side of the fold. Chapman sandstone, same locality as figure 14. 

16. Spiri/er cyclopterus Hall. A laige pedicle valve in internal mold, showing the deep sinus with eight ribs on each 

side; the musculature is impressed strongly for this species, but is relatively weak compared with that in S, 
murchisoni (cf. figs. 25, 26). Chapman sandstone, same locality as figure 4. 

17. Spiri/er sparsus Clarke. A brachial valve somewhat similar in appearance to that shown in figure 11. Chapman 

sandstone, same locality as figure 4. 

18. Spiri/er cyclopterus Hall. A pedicle valve in internal mold, with a strongly impressed musculature; only hve ribs 

on each side the median sinus. Chapman sandstone, same locality as figure 4. 
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19. Spiri/er q/clopterus Hall. Another pedicle valve; five or six ribs on each side. Chapman sandstone, same locality 

as figure 4. 

20. Spiri/er cyclopterus Hall. Another pedicle valve; six or seven ribs on each side. Chapman sandstone, same 

locality as figure 4. 

21. Spiri/er aparsus Clarke. A rather laige internal mold of a pedicle valve, showing a common aspect of the species 

with regard to the number of plications, their appearance, the outline, etc. Chapman sandstone, Presque Isle 
Stream, Chapman Township, Aroostook County, Maine. 

22. Spiri/er aparaus Clarke. Internal mold of a pedicle valve with three or four strong undulations or ribs, somewhat 

resembling S, macropleurus. This is not the usual aspect of the Maine species but represents the same form as 
figure 11. Chapman sandstone, same locality as figure 11. 

23. Spiri/er murchisoni Castelnau. A pedicle valve , the right side below the musculature in external cast, the remainder 

in internal mold; five or six rounded ribs on each side. Note the high and arched cardinal area and the normally 
very pronoimced musculature of the species. Moose Kiver sandstone, Detroit, Somerset County, Maine. 

24. Spiri/er aparsua Claike. A pedicle valve of normal aspect with cardinal area of moderate height and arched. Chap- 

man sandstone, Edmunds Hill, Chapman Township, Aroostook County, Maine. 

25. 26. Spiri/er mwrdiisoniOastelD&VL, Two pedicle valves, a little different in outline, showing the typical muscula- 

ture of the species and the moderately high arched cardinal area. Mooee River sandstone, Detroit, Somerset 
County, Maine. 
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PLATE II. 

[All the figures on this plate are of approximately natural size.] 

Figures 1, 4, 11, 12, Spixifer eondnnta Hall (p. 80). (See also PI. I, figs. 6, 7; PI. Ill, flg. 8; PI. IV, flgs. 6, 6; PI. V, figs. 16, 17.) 

Figures 2, 18, SpMfer montreaUnHa WiUiams (p. 113). (See also PI. I, flg. 2.) - 

Figures 3, 6. 6, 7, 8, 10, 13, 14. 20, Spiri/er cyciopteru^ Hall (p. 88). (See also PI. I, flgs. 1, 4, 5, 8, 9, 12, 16, 18, 19, 20; PI. IV, figs. 1, 10.) 

Figure 9, Sptifer murehUoni Castelnau (p. 95). (See also PI. I, flgs. 3, 10, 23, 25, 26; PI. IV, flgs. 8 (?), 9 (?).) 

Figures 15, 16, 19, 21, Spbrifer arenonu Conrad (p. 84). . See also PI. Ill, flg. 1; PI. V, fig. 18.) 

Figure 17, apirifer tpartut Clarke (p. 105). (See oIfo 11. 1, flgs. 11, 13, 14, 16, 17, 21, 22, 24; PI. IV, flg. 2.) 

1. Spirifar condnniu Hall. A large pedicle valve in partial cast, with nine to ten or eleven ribs on each side of the 

ang:ular sinus. Chapman sandstone. Presque Isle Stream, Chapman Township, Aroostook County, Maine. 

2. Sptri/er morUrealensis Williams. Ventral view of a large pedicle valve showing the sinus without anyriblet in 

the middle and its bounds not eh^rply defined. Breccias of St. Helens Island, Montreal, Canada. 

3. Sjnrifer cydopterut Hall. External qzm -f pedicle valve; seven or eight ribs on each side. Chapman sandstone, 

west side of Edmunds Hill, Chapman Township, Aroostook County, Maine. 

4. Spiri/er eoncinnus Hall. A pedicle v&h'e in external cast; eleven ribs are discernible on each side; there may have 

been twelve to thirteen or fourteen. Breccias of St. Helens Island, Montreal, Canada. 

5. Spiri/er cyclopterus Hall. A small pedii le valve showing very low beak. Compare with the umbo in figures 

3 and 8. Chapnum sandstone, same locality as figure 3. 

6. Spiri/er cydopUrus Hall. A small pe^lide valve in partial cast, with only four or five ribs on each side. Chap- 

man sandstone, same locality as figure 3. 

7. Spiri/er qfclopterus Hall. External c»^t (;7 pedicle valve, internal mold in front; only five or six ribs on mold, seven 

or eight ribs on external surface. Chapman sandstone, same locality as figure 3. 

8. Spiri/er eydopterus Hall. Very large pedicle valve in external cast; seven or eight ribs on each side. This is the 

largest specimen of the species in the collection. Chapman sandstone, same locality as figure 3. 

9. Spiri/er murchisoni Castelnau. Exterior cast of pedicle valve. Note the weak ribs bounding the sinus and the 

characteristic transverse extensic d of the species. Moose River sandstone, Detroit, Somerset County, Maine. 

10. Spiri/er q/clopterus Hall. A gibbous pedicle valve with seven or eight ribs on each side and acute lateral extremi- 

ties. Chapman sandstone, same Iccaiity as figure 3. 

11. Spiri/er concinniu Hall. Cardinal v\*^'x of a small internal mold, showing the pedicle valve not much more con- 

vex than the brachial and with an arohed cardinal area of moderate height. Chapman sandstone, same locality 
as figure 1. 

12. Spiri/er cohcinnui Hall. Cardinal view of another pedicle valve to show .the area. Chapman sandstone, same local- 

ity as figure 1. 

13. 14. Spiri/er eydopterus Hall. Two small pedicle valves, exterior cast, with six or seven ribs. on each side. 

Chapman sandstone, same locality ^9 figure 3. 

15. Spiri/er arenonu Conrad. Exterior of a small pedicle valve with sixteen or more ribs on each side. Moose River 

sandstone, Detroit, Somerset County. Maine. 

16. Spiri/er arenosua Conrad. A mature pedicle valve in partial cast, show^ing traces of the large S. murchiaoni type 

of musculature; about eighteen simple ribs on each side. Moose River sandstone, same locality as figure 15. 

17. Spiri/er sparsus Clarke. A pedicle valve < exterior cast) showing the characteristic three strong ribs on each side 

of the narrow sinus and two faint ones beyond. In retouching the photograph the fourth rib on the right side 
has been made to appear a trifle too strong. Chapman sandstone, 2 miles west of Presque Isle Stream, Chap- 
man Township, Aroostook County, Maine. 

18. Spiri/er montrealensis Williams. A partial cast of a mature pedicle valve, showing the sinus angular in the bottom 

with undefined margins and withoTit a median rib let. Breccias of St. Helens Island, Montreal, Canada. 

19. Spiri/er arenogtia Conrad. A small pedicle valve, exterior cast, similar to that shown in figure 15. Moose River 

sandstone, same locality as figure 15. 

20. Spiri/er eydopterus Hall. Exterior ca^t of a small pedicle valve only 8 millimeters long, with four or five ribe 

on each side. Chapman sandstone, «ame locality as figure 3. 

21. Spirijhr carenosus Conrad. An exterior ra^^t in wax. Moose River sandstone, same locality as figure 15. 

50245''— No. 89—16 20 305 



PLATE III. 

[ All the flgures on this plate are enlaiged 2 dlameten except fig. 10.] 

Figure 1, apirifer orenonu Conrad (p. 64). (See also PI. II, Ogs. 15, 16, 19, 21; PI. V, flg. 18.) 

Figures 2, 3, 4, 7, 12, Spirifer arenotiu var. timpUx var. nov. (p. 86). 

Figure 5, Spirifer eoneinwu Hall (p. 80). (See also PI. I, figs. 6, 7; PI. II, figs. 1, 4, 11, 12; PI. IV, figs. 6, 6; PI. V, figs. 16, 17.) 

Figures 6, 9, 11, Ckonetet (Eodevonaria) areuatus Hall (p. 53). 

Figure 8, Chonetet vieintu var. defleehu Hall (p. 49). 

Figure 10, SehudtertOia woolworthana Hall (p. 34). 

1. Spirifer arenosus Conrad. Exterior of a silicified pedicle valve, showing a mature type of plicated sinua in the 
typical form of the species, the median rib bifurcating early in its growth and halfway down developing a 
secondary rib by implantation between the two branches of the original rib. X 2. Oriskany sandstone, 
Keyaer, Mineral County, W. Va. 

2« Spirifer arenosus var. simplex var. nov. Internal mold of a pedicle valve in a coarse quartzitic sandstone. X 2. 
Oriskany sandstone, Keyser, Mineral Coimty, W. Va. 

3. Spirifer arenosus var. simplex var. nov. Exterior of a silicified pedicle valve, showing the typical feature of the 

variety — a thick, undivided rib in the middle of the sinus and a single weaker rib on each side, formed by 
bifurcation of the marginal ribs of the sinus. X 2. Oriskany sandstone, same locality as figure 1. 

4. Spirifer arenosus var. simplex var. nov. Internal mold of a pedicle valve, showing the characteristic embryonic 

type of plicated sinus of this variety; this specimen is larger than that shown in figure 1, which bears the normal 
or mature plicated sinus of the typical form of the species. X 2. Oriskany sandstone, same locality as figure 2. 

5. Spirifer coneinnus Hall. Partial cast of pedide valve, showing the laige form of the species, with 13 or 14 ribs on 

each side, the sinus shallow, and the faintly appearing riblet on each side. X 2. Oriskany sandstone, Coving- 
ton, Alleghany County, Va. 

6. Chonetes (Eodevonaria) arcuatus Hall. Mold of interior of pedicle valve, showing the gibbous body and flattened 

ears, the septum and lineation of surface. X 2. Moose River sandstone, Little Braasua Lake, Somerset County, 
Maine. 

7. Spirifer arenosus var. simplex var. nov. Fragment of internal mold of this variety, the usual form in the collectiona 

from this locality. X 2. Oriskany sandstone, same locality as figure 2. 

8. Chonetes virinus var. deflectus Hall. A small imperfect pedicle valve, showing the lineation of the surface; the 

hinge maigin imperfect. X 2. Moose River sandstone, same locality as figure 6. 

9. Chonetes (Eodevonaria) arcuatus Hall. Mold of interior of pedicle valve, showing on the left side the crenulate 

hinge area. X 2. Moose River sandstone, same locality as figure 6. 

10. Schuchertella woolworthana Hall. An internal mold of a brachial valve, showing the outlines and portions of the 

shell perfectly. Natural size. Moose River sandstone. Big Brassua Lake, Somerset County, Maine. 

11. Chonetes {Eodevonaria) arcuatus Hall. A somewhat larger pedicle valve than those shown in figures 6 fiuid 9, illus- 

trating strongly gibbous body part of shell, flattened ears and septum; also on the right the crenulate hinge area. 
X 2. Moose River sandstone, same locality as figure 6. 

12. Spirifer arenosus var. simplex var. nov. Fragment of internal mold of pedicle valve showing impressions of the 

plications on the umbonal area, musculature weak. X 2. Oriskany sandstone, same locality as figure 2. 
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PLATE IV. 

[All the figures an this plate are enlarged 2 dJameters.] 

Figures 1, \Q;SpMfer epdopterua HaU (p. 88). See also PL I, figs. 1, 4, 5, 8, 9, 12, 16, 18, 19, 20; PL 11, figs. 8, 6, 6, 7, 8, 10, 13, 14, 20.) 

F^nre 2, 3pirifer tparsut Clarke (p. 105). Bee also PL I, figs. 11, 13, 14, 15, 17, 21, 22, 24; PL 11, fig. 17.) 

Figures 3, 4, Bpirifer cf. S. duodenarhu HaO (p. 104). 

Figures 5, 6, Spirffer condnntM HaU (p. 80). (See also PL I, figs. 6, 7; PL n, figs. 1, 4, 11, 12; PL III, fig. 8; PL V, figs. 16, 17.) 

Figure 7, Spirifer gaaperuis Billings (p. 107). 

Figures 8, 9, AnUtp^er kanMi var. trantvena gen., sp., et var. nov. (p. 117). 

1. Spirifer cyclopUrva Hall. Internal mold of a pedicle valve. X 2. Chapman sandstone, Edmunds Hill, Chapman 

Township, Arooetook County, Maine. 

2. Spirifer sparsus Clarke. Brachial valve; internal mold, left edde. X 2. Chapman sandstone, same locality as 

figure 1. 

3. Spirifer duodenarius Hall. Internal mold of a fragment of a brachial valve, showing a slight cardinal area, the 

muscular and septal scars, etc. X 2. Mooee River sandstone, Big Braasua Lake, Somerset County, Maine. 

4. Spirifer diLodenariits Hall. Ventral view of a rather small individual in partial cast, showing the transverse outline, 

five or six rounded ribs, and a relatively narrow rounded sinus. X 2. Moose River sandstone, same locality as 
figures. 

5. Spirifer oondnnus Hall. A rather large brachial valve with 11 or 12 ribs on each side. The exterior of the fold 

must have been strongly bifid, as in S. exoavatus Kayser. X 2. Chapman sandstone, west of Presque Isle 
Stream, Chapman Township, Aroostook County, Maine. 

6. Spirifer concinnus Hall. A small specimen with small rounded cardinal extremities, showing sulcus along the 

center of the medial fold of the brachial valve. X 2. Chapman sandstone, same locality as figure 5. 

7. Spirifer gaspevuis Billings. Internal mold of a medium-sized brachial valve, showing the characteristic transverse 

outline lEuid high medial fold, with 12 or 13 ribs on the side. X 2. Moose Ri^'er sandstone, Little Brassua Lake, 
Somerset County, Maine. 

8. Antispirifer harroldi var. transversa gen., sp. et var. nov. A large brachial valve in internal mold, showing th^ 

close resemblance of this valve to the corresponding valve of Spirifer murchiKmi, (Compare PI. I, ^g. 3.) Common 
in a mass of Leptocwlia flabellites. Moose River sandstone, Parlin Pond, Somerset County, Maine. 

9. Antispirifer harroldi var. transversa gen., sp. et var. nov. Pedicle valve, internal mold, showing the characteristic 

flat cardinal area of the species. X 2. Moose River sandstone, Parlin Pond, Somerset County, Maine. 

10. Spirifer q/clopterus Hall. Pedicle valve with unusually strong musculature. X 2. Chapman sandstone, west of 

Presque Isle Stream, Chapman Township, Arooetook County, Maine. 
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PLATE V. 

[All the figures on this plate are of approximately natural slie.] 

Figures 1-13, AntUpirifer hamMi gen. et sp. nov. (p. 116). 

Figure 14, Cjfrtina rottrata Hall (p. 76). 

Figure 15, C^ina haeroelUa Defranoe var. (p. 79). 

Figures 16, 17, Spiri/er eoneinntu Hall (p. 80). (See also PI. I, figs. 6, 7; PI. II, figs. 1, 4, 11, 12; PI. III. fig. 8; PI. IV, figs. 6, 6.) 

Figure 18, Spirifer arenowt Conrad (p. 84). (See also PI. II, figs. 15, 16. 19, 21; PI. Ill, fig. 1.) 

Figures 19-30, Leptoealia flabeUUet Conrad (p. 120). 

Figures 31-33, Nueletupira ventrieota Hall (p. 118). 

1. Antispirifer harroldi gen. et sp. nov. Wax impression of the external mold of a pedicle valve, showing the outline 

and proportions, very depressed convexity, five or six rounded ribs on each side, the narrow, abrupt median 
sinus, and the lamellose concentric ornamentation. Moose River sandstone, Parlin Pond, Somerset County, 
Maine. 

2. Antispirifer harroldi gen. et sp. nov. External mold of pedicle valve, showing the flat surface and lamellose con- 

centric ornamentation. Fine radial lines, especially well developed near the edges of the lamella;, are present 

on the original but do not appear in the figure. (See fig. 8.) Moose River sandstone, Detroit, Somerset 

County, Maine. 
8. Antispirifer harroldi gen. et sp. nov. Wax impression of external mold of exterior of pedicle valve, showing 

six or seven rounded ribs and narrow abrupt sinus. (See fig. 9.) Moose River sandstone, same locality as 

figure 2. 
4. Antispirifer harroldi gen. et sp. nov. The convex or brachial valve in partial cast with six rounded ribs on each 

side of the low rounded fold. Moose River sandstone, same locality as figure 2. 
6, 6, 7. Antispirifer harroldi gen. et sp. nov. Internal molds of pedicle valves, showing the characteristic very wide, 

strongly impressed musculature and the flat cardinal area of medium height; the latter character well indicated 

in figures 6 and 7. Moose River sandstone, same locality as figure 2. 

8. Antispirifer harroldi gen. et sp. nov. Wax impression of the original specimen of figure 2. 

9. Antispirifer harroldi gen. et sp. nov. External mold of the original specimen from which was taken the wax 

impression shown in figure 3. Moose River sandstone, same locality as figure 2. 
10, 11, 12. Antispirifer harroldi gen. et sp. nov. Three flat pedicle valves in partial cast, illustrating the usual appear- 
ance in the hard unweathered rock. Mocee River sandstone, same locality as figure 2. , 

13. Antispirifer harroldi gen. et sp. nov. Fragments of two brachial valves in internal mold, so superimposed that the 

figure seems to represent only one fractured valve. Moose River sandstone, same locality as figure 2. 

14. Cyrtina rostrata Hall. Cardinal view of an internal mold of a pedicle valve, showing the high, nonarching cardinal 
« area and narrow covered delthyrium. Chapman sandstone, west side of Edmunds Hill, Chapman Township, 

Aroostook County, Maine. 

15. Cyrtina heteroclita Defrance var. alpha, A worn internal mold of pedicle valve, showing faint indications of ribs. 

Chapman sandstone, same locality as figure 14. 

16. 17. fSpirifer concinniis Hall. Two decorticated brachial valves referred to this species. Chapman sandstone, 

Edmunds Hill, Chapman Township, Aroostook County, Maine. 

18. Spirifer arenosus Conrad. Internal mold of a small pedicle valve. Moose River sandstone, Detroit, Somerset 

County, Maine. 

19. Leptoazlia flabellites Conrad. A brachial valve in partial cast, showing the two median ribs slightly elevated into 

a fold, with three ribs and possibly a fourth on each side. Moose River sandstone, Detroit, Somerset County, 
Maine. 

20. Leptocalia flabellites Conrad. Brachial valve of another individual, internal mold; shows the cavity in the 

umbo, impressed by the massive cardinal process, hinge plate, etc. There seem to be only eight ribs, as in the 
specimen shown in figure 19. Moose River sandstone, same locality as figure 19. 
21-23. Leptoccelia flabellites Conrad. Three pedicle valves in internal mold. Note the median septum, distinct 
adductor muscular scars, and faintly expressed diductors. The median sinus is well developed in the specimen 
shown in figure 22. Figure 23 shows a median rib, which is not developed in the valve shown in figure 21* 
Note the cavities left by the large teeth shown in figures 21 and 22. Moose River sandstone, same locality as 
figure 19. 

24. Leptocalia flabellites Conrad. Brachial valve in internal mold, showing the deep impressions of the crural bases 

and the massive cardinal process. Moose River sandstone, same locality as figure 19. 

25. Leptocalia flabellites Conrad. Pedicle valve in partial cast, showing a well-developed sinus without median rib, 

similar to that shown in figure 22. There are four or five ribs on each side. Moose River sandstone, same 
locality as figure 19. 
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PLATE V. 309 

26*27. Leptocaliajlahellitea ConT2ud7 Twobrachial valves in external mold, each with 10 ribs. There is no indication 
of a median fold. Moose River sandstone, same locality as figure 19. 

28. LeptocaliaJlahellilM Conrad. A brachial valve in partial cast, showing a duplicate median fold and three, possibly 

four, ribs on each side, as in figtire 19, but showing a different outUne. Moose River sandstone, same locality 
as figure 19. 

29. Leptoealia flabellites Conrad. Another brachial valve in internal mold, showing the Impressions of the cardinal 

process, crural bases, and median septum. Moose River sandstone, same locality as figure 19. 

30. Leptocalia flahellitea Conrad. Two small brachial valves, one in external mold and one in internal mold. Moose 

River sandstone, same locality as figure 19. 

31. Nucleospira ventricosa Hall. A small pedicle valve in internal mold, illustrating the strong convexity of the 

species. Chapman sandstone, 2} miles west of Presque Isle Stream, Chapman Township, Aroostook County, 
Maine. 

32. Nucleospira ventricosa Hall. Pedicle valve of another strongly convex individual in internal mold, showing the 

impressions of the teeth, the muscular scars, and the median septum. Chapman sandstone, Edmunds Hill, 
Chapman Township, Aroostook County, Maine. 

33. Nucleospira ventricosa Hall. A pedicle (?) valve in partisd cast. Chapman sandstone, same locality as figure 32. 



PLATE VI. 

[All the figures on this plate are of approximately natural siie.] 

Figures 1, 2, 3, 6, 9, DolmaneUa eUvata sp. nov. (p. 62). (See also PI. VII, figs. 12, 19, 23; PI. VIII, figs. 17-22.) 

Figures 4, 5, 7, 10, 14, 21 ,22, 25, 26, Stenoadtnaformom Hall (p. 64). 

Figures 8, 18, Eatoma singularu Vanuxem (p. 69). 

Figure 11 , Reruselaeria mairieiuia Williams (p. 72). (See also PI. XI, figs. 1-15.) 

Figure 12, RhynchoneUa cf. R. inaineiuit Billings (p. 27). 

Figure 13, Crania sp. indet. (p. 24). 

Figure 15, Megalanteris? sp. (p. 71). (See also PI. VII, fig. 15.) 

Figures 16, 19, 20, MeriaUlla bella Hall (p. 124). 

Figure 17, Dalmanella planieonveza Hall (p. 57). (See abo PI. VII, figs. 11, 13, 14, 16, 17, 18, 20, 21, 24, 24-30.) 

Figure 23, Eunella eUn (Clarke) (p. 76). 

Figure 24, cf. Pentagonia gen. et sp. indet. (p. 125). 

Figure 27, Lingula minuicula sp. nov. (p. 20). 

Figures 28-33, OrhteuMdea {RoemereOa) diictis Hall (p. 21). 

1. Dalmanella eUvata sp. nov. Brachial valve, showing the cardinal area. Chapman sandstone, Edmunds Hili, 

Chapman Township, Aroostook County, Maine. 

2. Dalmanella elevata sp. nov. Partial interior cast of brachial valve, ('hapman sandstone, same locality as figure 1. 

3. Dalmanella eUvata sp. nov. Partial exterior cast of brachial valve. Chapman sandstone, same locality as figure 1. 

4. Stenoscisma formosa Hall. Pedicle valve in psLrtial exterior cast, showing three or four ribs in the sinus and six 

on each side. Chapman sandstone, west side of Edmunds Hill, Chapman Township, Aroostook County, Maine. 

5. SUnosciama formosa Hall. An old pedicle valve in internal mold, showing strong diductor and adductor, dental 

lamellae obsolescent; three ribs in sinus and five or six on each side. Chapman sandstone, same locality as 
figure 4. 

6. Dalmanella elevata sp. nov. Brachial valve in external mold; the only specimen showing the characteristic coarae 

striations. Chapman sandstone, same locality as figure 1. 

7. Stenosdsma formosa Hall. Brachial valve in partial external cast; four ribs on the fold, five on each side. Chap- 

man sandstone, same locality as figure 4. 

8. Eatonia singularis Vanuxem. Ventral view of an individual in external cast and internal mold. Chapman sand- 

stone, west side of Edmunds Hill, Chapman Township, Aroostook County, Maine. 

9. Dabnanelln elevata sp. nov. Brachial valve in internal cast, showing muscular scars similar to those in figure 1. 

Note the conspicuous sinus in all the brachial valves. Chapman sandstone, same locality aa figure 1. 

10. Stenoscisma formosa Hall. Pedicle valve in internal mold, showing strong muscular scats, four ribs in the sinus 

and six or seven on each side, with bifurcating rib bordering the sinus on the left side. Chapman sandstone, 
same locality as figure 4. 

11. Ren88elaeria mainensis Williams. A very small pedicle valve in exterior cast. (See PI. XI, figs. 1-15.) Chapman 

sandstone, 2} miles west of Presque Isle Stream, Chapman Township, Aroostook County, Maine. 

12. Rhynchonella (cf. R. mainensis Billings). Brachial valve in internal mold, showing the crural bases and absence 

of a median septum. Chapman sandstone, same locality as figure 1. 

13. Crania sp. Brachial valve in internal mold. Chapman sandstone, same locality as figure 4. 

14. Stenoscisma formosa Hall. A pedicle valve in internal mold, showing the incisions made by the dental lamelhe, 

the presence of which removes this species from the genus Rhynchotrema. Chapman sandstone, same locality 
as figure 4. 

15. Megalanteris? sp. Fragment of a pedicle valve in internal mold, showing the incisions of the short subparallel 

dental lamellse, the absence of muscular impressions, and the smooth surface appearance. Chapman sand- 
stone, same locality as figure 4. 

16. Meristella cf. ^f. bella Hall. Large brachial valve in internal mold, showing small size of the species and the 

obscure sinus. Chapman sandstone, same locality as figure 4. 

17. Dalmanella planiconiexa Hall. Pedicle valve in internal mold, showing the rounded outline, short hinge, and 

narrow elongdte musculature. Chapman sandstone, same locality as figure 4. 

18. Eatonia singularis Vanuxem. Dorsal view of same individual as figure 8, in internal mold, showing the fold 

extending as far as the beak. Chapman sandstone, same lo(*ality as figure 4. 

19. Meristella cf . M. bella Hall. Pedicle valve in partial internal mold. Chapman sandstone, same locality as figure 4. 

20. Meristella cf. M. bella Hall. Pedicle valve in internal mold, showing the depression formed by the hinge plate and 

the musculature in front of it. Chapman sandstone, same locality as figure 4. 

21. Stenoscisma formosa Hall. Pedicle valve in exterior cast; four ribs in the sinus, six on each side. Chapman 

sandstone, same locality as figure 4. 
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PLATE VI. 311 

22. Stenoteisma formoM Hall. A large pedicle valve in internal mold with three ribs in the ainus and six or seven 

on each side. Chapman sandstonOf same locality as figure 4. 

23. Eunella ellH Clarke. A single internal mold of a pedicle valve, having the outline, convexity, size, and other 

features of this species. Chapman sandstone, same locality as figure 4. 

24. cf. Pentagonia sp. indet. Internal mold of a brachial valve with the curvature of this genus but without a visible 

median septum. Chapman sandstone, same locality as figure 1. 

25. Stenoscismafofmosa Hall. Internal mold of a very small individual, dorsal view, showing the median septum, 

which is divided posteriorly. Chapman sandstone, same locality as figure 4. 

26. StenoseisTnaformoaa Hall. Ventral view of the individual illustrated in figure 25, showing the very well develoi)ed 

dental lamellse. In tlus specimen, which is a young individual, the fold and sinus are just beginning to develop 
on the front mai^n. Chapman sandstone, same locality as figure 4. 

27. Lingula minuacula sp. nov. Ventral view of a complete individual, slightly fractured. Chapman sandstone, 2 

miles west of Presqus Isle Stream, Chapman Township, Aroostook County, Maine. 

28. Orbieuhidea (Roemerella) digcua Hall. Exterior of an elongate pedicle valve, with strong radial ornamentation 

obscure in the figure, showing the large pedicle opening and posterior slit. Chapman sandstone, Edmunds Hill, 
Chapman Township, Aroostook County, Maine. 

29. Orhiculoidea (Roemerella) discus Hall. Fragment of exterior of large brachial valve. Chapman sandstone, same 

locality as figure 27. 

30. Orbiculoidea (Roemerella) discus Hall. Fragment of exterior of a brachial (possibly a pedicle) valve, showing 

obscure, very fine radial markings. Chapman sandstone, Edmunds Hill, Chapman Township, Aroostook 
County, Maine. 

31. Orbiculoidea (Roemerella) discus Hall. Interior view of a large concave pedicle valve, showing only concentric 

lineation. Chapman sandstone, Preeque Isle Stream, Chapman Township, Aroostook County, Maine. 

32. 33. OrbieuUndea (Roemerella) discus Hall. External molds of two large convex brachial valves, showing only 

concentric lineation. Chapman sandstone, same locality as figure 31. 



PLATE VII. 

[All the fliEura on this plate are of approximately natural alse.] 

Figures 1, 2, 3, 4, 5, 7, 8, Blpporionyx ungui/ormii Conrad (p. 41). 

Figures 6a, 6b, SehuchtrteUa deformii (Hall) (p. 40). 

Figure 9, balmanella ciretUarUt (Sowerby) (p. 50). 

Figure 10, DtUmaTuUa planoeonvexa Uall, with ChoneUs nova$cotieus Hall (p. 57). 

Figures 11, 13, 14, 16, 17, 18, 20, 21, 22, 24-30, DolmaneUa planiconveza Hall (p. 71). (See abo PI. VI, fig. 17.) 

Figure 15, Megalanteris? sp. (p. 71). (See alao PI. VI, fig. 15.) 

Figures 12, 19, 23, Dalmandla eUvata sp. nov. (p. 62). (See also PI. VI, figs. 1, 2, 3, 6, 9; PI. VIII, figs. 17-22.) 

1. Hipparionyx unguiformis Conrad. The flat pedicle valve in external mold, showing the fine radial 8tri» which 

increase by implantation and arch backward on the cardinal slopes. Chapman sandstone, Edmunds Hill, 
Chapman Township, Aroostook County, Maine. 

2. Hipparionyx ungui/ormis Conrad. The flat or resupinate pedicle valve in internal mold, showing the ovarian area 

and strong musculature. Chapman sandstone, west side of Edmunds Hill, Chapman Township, Aroostook 
County, Maine. 

3. Hipparionyx ungui/ormis Conrad. Another flat (resupinate) pedicle valve in external mold, showing a rather 

elongate form similar to that of the shell shown in figure 1 (due possibly to lateral compression). Chapman 
sandstone, Edmunds Hill, Chapman Township, Aroostook County, Maine. 

4. Hipparionyx ungui/ormis Conrad. A pedicle valve in external cast; the shell broken away at the beak, exposing 

part of the musculature. Illustrates the short, wide form of the species. Chapman sandstone, same locality as 
figure 2. 

5. Hipparionyx ungui/ormis Conrad. Fragment of pedicle valve in internal mold, showing the characteristic upward 

curve of the striee on the latero-posterior margin. (Ck>mpare fig. 2.) Chapman sandstone, same locality as 

figure 3. 
6a. Schwchertella de/ormis Hall. Partial cast of a convex pedicle valve, with gibbous umbo, which has not yet become 

resupinate or irregular in growth. Chapman sandstone, same locality as figure 2. 
6b. Schuchertella dt/ormis Hall. Brachial valve in partial cast. This resembles a brachial valve of Hipparionyx but 

the striation is different. Chapman sandstone, same locality as figure 2. 

7. Hipparionyx ungui/ormis Conrad. Another comparatively wide pedicle valve. Chapman sandstone, same locality 

as figure 2. 

8. Hipparionyx ungui/ormis Conrad. A pedicle valve in external mold, illustrating the elongate form of the species 

of this locality. Chapman sandstone, same locality as figure 3. 

9. Dalmanella cf. D, drcularis (Sowerby). A brachial valve in external mold, showing the flat valve with indistinct 

sinus and having the strise bifurcating but nonfasciculate. Chapmau sandstone, same locality as figure 2. 

10. Dalmanella planoconvtxa Hall. A pedicle valve in internal mold, showing the outline of the species and the mus- 

culature; with Chonetts novasooticus Hall on the same block. Chapman sandstone, same locality as figure 2. 

11. Dalmanella planiconvexa Hall. Flat brachial valve with obscure siniH showing the fasciculate stria;. Chapman 

sandstone, same locality as figure 2. 

12. Dalmanella elevata Bp. nov. A pedicle valve of this species, showing traces of the very coarse ornamentation and 

illustrating the acuminate umbo and sharp cardinal extremities of the species. Chapman sandstone, same 
locality as figure 3. ' 

13. Dalmanella planoeonvexa Hall. A flat brachial valve, external mold, witli very obscure sinus and fasciculate 

stride. Chapman sandstone, same locality as figure 2. 

14. Dalmanella planoeonvexa Hall. A small brachial valve in external mold^ with strongly fasciculate striss. Chap- 

man sandstone, same locality as figure 2. 

15. Megalanteris? sp. A pedicle valve in internal mold, showing the smooth form and nearly horizontal i>08terior 

margin; there is no muscular impression. Chapman sandstone, same locality as figure 2. 

16. Dalmanella planoeonvexa Hall. A brachial valve in internal mold, showing the characteristic appearance of 

muscular scars and cardinal process. Chapman sandstone, same locality as figure 3. 

17. Dalmanella planoeonvexa Hall. A pedicle valve. Chapman sandstone, same lo<'ality as figure 3. 

18, 20. Dalmanella planoeonvexa Hall. Two pedicle valves in internal mold, showing the outline, the somewhat 
characteristic musculature, and the marginal fringe of Btrix. Chapman sandstone, same locality as figure 2. 

19. Dalmanella elevata sp. nov. Pedicle valve in partial external cast, showing the acuminate beak, broad hinge, with 

sharp extremities, and the coarse striae. Chapman sandstone, same locality as figure 3. 

20. See figure 18. 

21. 22. Dalmanella planoeonvexa Hall. Two brachial valves in partial internal cast. Chapman sandstone, same 

locality as figure 2. 

23. Dalmanella elevata sp. nov. Pedicle valve in internal mold, showing acuminate beak, sharp hinge extremities, and 
cordate musculature. Chapman sandstone, same locality as flgiire 3. 

24-28. Dalmanella planoeonvexa Hall. Brachial valves in internal molds, showing the musculature and cardinal 
process. The latter is very plainly seen to be bilobed in the specimen of figure 28, but not in the others. Chap- 
man sandstone, same locality as figure 2. 

29, 30. Dalmanella planoeonvexa Hall. Internal molds of two pedicle valves, showing the outline, the musculature, 
and the marginal fringe of strise. Chapman sandstone, same locality as figure 2. 
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PLATE VIII. 

[All the figures on this plate are of approximately natoraJ sise.) 

Figuies 1-7, 13, 14, 15, 16, Leptottropkia perplana Conrad (p. 27). (See also PL III, fig. 9; PI. XI, fig. 17.) 
Figures S-12, Leptaena rhoinboidalia Wilckens (p. 32). 

Figures 17-23, DalmaneUa ekvata sp. nov. (p. 62). (See also PL VI, figs. 1, 2, 3, 6, 9; PL VII, figs. 12, 19, 23.) 
Figuie 24, Chtmetet ttrialiMimua sp. nov. (p. 44). (See also PL IX, figs. 1-10, 13, 14, 17, 18; PL X, fig. 17.) 
Figure 25, CkoneUa battini Williams (p. 48). 

1, 2. Leptostrophia perplana Conracl. Two pedicle valves in internal mold, showing the coarse appearance, the absence 
of wrinkles, and the broad obtuse musculature. These are typical forms of Billings's L, blainiilUi, Moose 
River sandstone, Detroit, Somerset Oounty, Maine. 

3. Leptoatrophia ptr plana Conrad. Internal mold of a pedicle valve, with musculature similar to that shown in figures 

1 and 2 (^sthe form called L, blainnllei Billings). Chapman sandstone, west side of Edmunds Hill, Chapman 
Township, Aroostook County, Maine. 

4, 5. LeptoHtrophia perplana Conrad. Two pedicle valves in internal mold, corresponding in the acute angle between 

the sides of the musculature with the form of the species called L. planuUUa Hall. Moose River sandstone, 
same locality as figure 1. 

6. Leptostrophia pt rplana Conrad. Internal mold of a pedicle valve with the acute and short musculature of the form 

of the species called L. tuUia Billings. Chapman sandstone, Edmunds Hill, Chapman Township, Aroostook 
County, Maine. 

7. Leptostrophia perplana Conrad. Internal mold of a pedicle valve with the acute musculature of X. planulata Hall» 

Chapman sandstone, same locality as figure 3. 

8. Leptaena rhomboidalia Wilckens. Internal mold of a pedicle valve, showing the geniculate downward curvature 

in front and the strongly impressed cordate musculature, but without the concentric corrugations. Chapman 
sandstone, Edmunds Hill, Chapman Township, Aroostook County, Maine. 

9. Leptxna rhomboidalis Wilckens. External mold of a brachial valve, showing the corrugations over the fiat part of 

the surface, the abruptly geniculate front, and the radial strite. Chapman sandstone, west side of Edmunds 
Hill, Chapman Township, Aroostook County, Maine. 

10. Leptaena rhomboidalis Wilckens. Partial cast and internal mold of a pedicle valve, showing the cardinal area, 

musculature, corrugations, etc. Chapman sandstone, same locality as figure 8. 

11. Leptaena rhomboidalis Wilckens. Pedicle valve in internal mold, showing the musculature. Chapman sand- 

stone, same locality as figure 8. 

12. Leptaena rhomboidalis Wilckens. Another pedicle valve in internal mold, preserving the shell in places, accom- 

panied by Chonetes novascoticus Hall. Chapman sandstone, same locality as figure 9. 

13. Leptostrophia perplana Wilckens. External mold of pedicle valve of an elongate form with acute musculature 

comparable with M. tullia Billings and L. planulata Hall. Chapman Fandstone, same locality as figure 3. 

14. Leptostrophia perplana Conrad. External mold of pedicle valve of the form of the species called L. planulata 

Hall, showing fine striation, acute musculature, and faint, obscure concentric wrinkles. Chapman sandstone, 
same locality as figure 6. 

15. Leptostrophia perplana Conrad. Extern^ mold of pedicle valve of the form of the species called L. tullia Billings, 

showing the rather elongated outline and indications of the acute musculature; there are no appreciable wrinkles. 
Chapman sandstone, same locality as figure 3. 

16. Leptostrophia perplana Conrad. ** Sculpture cast" of a pedicle valve of the L. hlainvillei form of the species. 

Chapman sandstone, same locality as figure 1. 

17. 18. Dalmanella elevata sp. nov. Lateral and cardinal views of specimen figure 23 (the type of the species), show- 

ing the profile, musculature, high and broad cardinal area, and narrow, very acute delthyrium. Chapman 

sandstone, Edmunds Hill, Chapman Township, Aroostook County, Maine. 
19. DalmaneUa elevata sp. nov. Lateral view of specimen sho^^ni in Plate VII, figure 23. Chapman sandstone, same 

locality as figure 17. 
20-22. Dalmanella elevata sp. nov. Three pedicle valves in internal mold, showing the characteristic musculature 

and high, broad cardinal area. Figure 21 shows indications of the coarse striee, and figure 22 representa a 

ppecimen with an insinuated front margin. Chapman sandstone, same locality as figure 17. 

23. Dalmanella elevata sp. nov. Internal mold of pedicle valve, shoeing also the surface ornamentation, elevation of 

beak, and mus(*ulature. Sam6 specimen as figure 18. Chapman sandstone, Edmunds Hill, Chapman Town- 
ship, Aroostook County, Maine. 

24. Chonetes striatissimus sp. nov. A slab of sculpture casts or internal molds, showing the size and proportions and 

the flat surface, with extremely fine striation. (See PI. IX, ^^. 10.) Chapman sandstone, 2} miles west of 
Presque Isle Stream, Chapman Township, Aroostook County, Maine. 

25. Chonetes bastini Williams. A slab containing sp.ecimens of the species introduced here for comparison with 

Chonetes striatissimus and Chonetes novascoticus Hall. The original of thia slab was collected by Prof. Shaler 
and party and was labeled "Silurian, Dennys River, Cobscook Bay district, Maine." (See Shaler, N. S., Am. 
Jour. Sci., 3d ser., vol. 32, pp. 35-60, July, 1886.) 
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PLATE IX. 

[All the figures on this plate are enlarged 2 diameters.] 

Figures 1-10, 13, 14, 17, 18, ChoneUt ttriatiasimtu sp. nov. (p. 44). (See also PI. VIII, fig. 24; Pi. X, fig. 17.) 

Figures 11, 12, 15, 16, 10, ChoneUt novaaeoticiu HaU (p. 45). 

Figures 20, 21, ChtmeUt novaaeotiau HaU var. eanadenaia Billings (p. 49). (See alao PI. X, figs. 30, 31; PI. XI, fig. 16.) 

1. Chonetes striaiissimus sp. nov. Pedicle valve in external mold, showing the very fine, flexuous strise and conspic- 

uous midrib. X 2. Chapman sandstone, 2 miles west of Presque Isle Stream, Chapman Township, Aroostook 
County, Maine. 

2. Cfumetea striatisnmus sp. nov. Type specimen of the species, a pedicle valve preserving the exterior of the shell, 

showing the depressed convexity, fine flexuous strise, midrib, and obtuse hinge extremities. X 2. Chapman 
sandstone, same locality as figure 1. 

3. CJumetes atriatissiimLS sp. nov. Pedicle valve in partial cast, showing midrib and, on the right side of the hinge, a 

couple of cardinal spines. X 2. Chapman sandstone, same locality as figure 1. 

4. Chonetes striaiissimus sp. nov. A partly exfoliated pedicle valve, preserving indications of the very fine strice 

and the midrib. Same specimen as Plate X, figure 17. X 2. Chapman sandstone, 2) miles west of Presque 
Isle Stream, Chapman Township, Aroostook County, Maine. 

5. 6. Chonetes striatissimus sp. nov. Two pedicle valves, showing the strength of the midrib on the external surface. 

X 2. Chapman sandstone, same locality as figure 1. 

7. Chonetes striatissimiLS sp. nov. Pedicle valve in external mold. X 2. Chapman sandstone, same locality as 

figure 1. 

8. Chonetes striatissimus sp. nov. Interior cast of a pedicle valve, showing only faint indications of the midrib on the 

interior surface of the shell. X 2. Chapman sandstone, same locality as figure 1. 

9. Chonetes striatissimus sy.noY. Brachialvalveinextemalmold, showing entire absence of midrib. X 2. Chapman 

sandstone, same locality as figure 1. 

10. Chonetes striatissimus sp. nov. Internal mold of a pedicle valve (one of those on the slab in PI. VIII, fig. 24), 

showing the extreme indistinctness of the superficial midrib on the interior. X 2. Chapman sandstone, same 
locality as figure 4. 

11. Chonetes novascoticus Hall. A rather small pedicle valve in internal mold preserving the narrow cardinal area and 

some of the spines. Note also the coarser striation of this species. X 2. Chapman sandstone, west side of 
Edmunds Hill, Chapman Township, Aroostook County, Maine. 

12. Chonetes novascoticus Hall. A small pedicle valve in internal mold, indicating the coarser striation of this species. 

Same specimen as Plate X, figure 1. X 2. Chapman sandstone, same locality as figure 1. 

13. Chonetes striatissimus sp. nov. Partly exfoliated pedicle valve, preserving the midrib. In retouching this photo- 

graph the striae have been made to appear too distant in places. Chapman sandstone, same locality as figure 1. 

14. Chonetes striatissimus sp. nov. Exterior of a small fiat brachial valve, showing fine striation and absence of midrib. 

X 2. Chapman sandstone, same locality as figure 1. 

15. Chonetes novascoticus Hall. Another small pedicle valve in internal mold. Same specimen as Plate X, figure 2. 

X 2. Chapman sandstone, same locality as figure 11. 

16. Cfionetes novascoticus Hall. A characteristic typical valve of this species in external mold, showing the absence 

of midrib, the coarser striae, and some of the cardinal spines. X 2. Chapman sandstone, same locality as 
figure 11. 

17. CJumetes striatissimus sp. nov. An imperfect fragment of a pedicle valve in internal mold. X 2. Chapman sand- 

stone, same locality as figure 1. 

18. Chonetes striatissimus sp. nov. Exterior of the shell of the pedicle valve, showing the midrib and very fine flexuous 

striae. Chapman sandstone, same locality as figure 1. 

19. Chonetes ruyvascolicus Hall. Another characteristic pedicle valve in external mold, showing the spines, the coarser 

striation, the absence of midrib, etc. Chapman sandstone, same locality as figure 11. 

20. Chonetes novascoticus Hall var. canadensis Billings. A medium-sized or rather small pedicle valve in internal mold, 

indicating the large size of this form. The outline, depressed convexity, and striation are similar to those of 
C novascoticus. Moose River sandstone, Detroit, Somerset County, Maine. 

21. Chonetes novascoticus Hall var. canadensis Billings. A large pedicle valve preserving the exterior of the shell. 

This specimen in its rounded flexuous striie and appearance (?) of a midrib recalls C. striaiissimus sp. nov. Moose 
River sandstone, same locality as figure 20. 
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PLATE X. 

[All the figures on this plate are of approximately natural size.] 

Figures 1, 2, 8, 5-16, 18-29, 32, 33, ChoneUt Tuvateotlau Hall (p. 45). (See also PI. IX, figs. 1-10, 13, 14, 17, 18.) 

Figure 4, Ckonosiropkia complamUa Hall (p. 55). 

Figure 17, CkoneUs ttritUiasimut sp. nov. (p. 44). (See also Fl. VIII, fig. 24; PL IX, figs. 1-10, 13, 14, 17, 18.) 

Figures 30, 31, ChoneUt novascotieM Hall var. eanadetuU BUlings (p. 49). (See also PI. IX, figs. 20, 21; PL XI, fig. 16.) 

1-3. Chonetes novascoticus Hall. Three small pedicle valvee in internal mold. Figure 3 shows obscure indications 
of a midrib. Figure 1 shows same specimen as Plate IX, figure 12; figure 2 same as Plate IX, figure 15. Chap- 
man sandstone, west side of Edmunds Hill, Chapman Township, Aroostook County, Maine. 

4. Cfumostrophia complanata Hall. Partial interior cast and exterior mold of a brachial valve of flat, slightly 

lesupinate convexity. Moose Kiver sandstone, Detroit, Somerset County, Maine. 

5. Chonetes novcucoticus Hall. Exterior cast of characteristic pedicle valve, showing the coarse striae (relatively coarse 

compared with those of C. striatimmus)^ depressed convexity, absence of midrib, and cardinal spines apparently 
complete on the left side. Chapman sandstone, same locality as figure 1. 

6. Chonetes novoicoticus Hall. A pedicle valve in internal mold (upper shell) and a concave brachial valve in external 

mold (lower shell), showing the usual size of the species. Chapman sandstone, same locality as figure 1. 

7. Chonetes novascoticus Hall. A pedicle valve in internal mold, with five spines on one side. Chapman sandstone, 

same locality as figure 1. 

8. Chonetes novascoticus Hall. A pedicle valve in external mold. A single median stria seems to be a trifle stronger 

than the others. Chapman sandstone, same locality as figure 1. 
^15. Chonetes novascoticus Hall. Pedicle valves of medium to rather small size, all in internal mold except that 
shown in figure 13, which is an external mold. Chapman sandstone, same locality as figure 1. 

16. Chonetes novascoticus Hall. Brachial valve in external mold. Chapman sandstone, same locality as figure 1. 

17. Chonetes striatissimus sp. nov. An exfoliated shell or internal mold, preserving the midrib and fine striation. 

Same specimen as Plate IX, figure 4. Chapman sandstone, 2} miles west of Presque Isle Stream, Chapman 

Township, Aroostook County, Maine. 
18-21. Chonetes novascoticus Hall. Pedicle valves in external mold (figs. 18, 20) and internal mold (figs. 19, 21). 

Chapman sandstone, same locality as figure 1. 
22-26. Chonetes novascoticus Hall. Brachial valves in internal mold, showing the bifid cardinal process, the dental 

sockets and crural bases, and the blunt median and lateral ridges. Chapman sandstone, same locality as figure 1 . 
27-29. Chonetes n/ovascoticus Hall. Pedicle valves in internal mold. Chapman sandstone, same locality as figure 1. 

30. Chonetes novascoticus Hall var. canadensis Billings. A flattish brachial valve in external mold showing the 

strongly bifid cardinal process. Note the remarkable curve of the strise in the middle; this appears to have 
been due to an injury to the shell during the life of the animal. Moose River sandstone, Detroit, Somerset 
County, Maine. 

31. f Chonetes novascoticus Hall var. canadensis Billings. A large, very depressed convex specimen, apparently the 

external mold of a Chonetes referred here on account of its large size. Moose River sandstone, same locality 
as figure 30. 

32. Chonetes novascoticus Hall. A brachial valve similar to those shown in figures 22-26. Chapman sandstone, same 

locality as figure 1. 

33 . Chonetes novascoticus Hall . A broad pedicle valve in ex temal mold , with Spirifer cyclopterus. Chapman sandstone, 

same locality as figure 1. 
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PLATE XI. 

[All the figures on this plate are of approximately natural size ezoept figures 16 and 17, vhich are enlai^ed 2 diametcis.) 

• Figures 1-15, BenateUuria mainentia WfiUams (p. 72). (See also PI. VI, fig. 11.) 
Figure 16, Clumetea novtucoticu* Hall var. oanaitntU BOlings (p. 49). (See also PI. IX, figs. 20, 21; PI. X, figs. 30, 31.) 
Figure 17, Lepioatrophia perplana Conrad (p. 27). (See also PL m, fig. 9; PI. VUI, figs. 1-7, 13-16.) 

1-3. Rensselaeria mainensis Williams. Dorsal, ventaral, and lateral views of the type specimen, preserving the shell, 
showing the outline, convexity, and especially the strong ribs, and in the pedicle valve the cardinal area and 
elevated beak with perforate apex. Chapman sandstone, Presque Isle Stream, Chapman Township, Aroostook 
County, Maine. 

4. Rensselaeria mainensis Williams. A large pedicle valve retaining parts of the shell, showing the ventricoee and 

elevated beak, the ''parabolic" profile, and the strong continuous simple ribs. Chapman sandstone, 2) miles 
west of Presque Isle Stream, Chapman Township, Aroostook County, Maine. 

5. Rensselaeria mainensis Williams. Pedicle valve, internal mold, showing the large, strongly impressed musculature, 

the cardinal area, and the presence of the ribs on the interior (except about the musculature). The aspect of 
the cardinal area indicates that the cavity on the inside had been filled in solid by the thickening of the shell. 
Note at the apex the sand filling of the circular foramen. Chapman sandstone, Presque Isle Stream at end of 
Tweedy road, Chapman Township, Aroostook County, Maine. 

6. Rensselaeria mainensis V^^iWJamB. Samespecimenasfigure4,cardinalview, showing the high, very distinct cardinal 

area, the delthyrium, and the circular apical foramen. 

7. Rensselaeria mainensis Williams. Pedicle valve in internal mold, showing plicated interior and musculature. 

Note the vertical pedicle area seen in perspective. The aspect of the cardinal area indicates that this valve had 
been enormously thickened on the interior along the umbonal slopes. Chapman sandstone, same locality as 
figured. 

8. Rensselaeria mainensis Williams. Lateral view of specimen showp in figure 7, showing the erect, large pedicle area. 

Chapman sandstone, same locality as figure 5. 

9. Rensselaeria mainensis Williams. Pedicle valve in internal mold, showing the cardinal area in which the shell is 

only slightly thickened on the interior. This figure in comparison with figure 7 shows the variability in the size 
of the ribs. Chapman sandstone, same locality as figure 5. 

10. Rensselaeria mainensis Williams. Internal mold of a pedicle valve, with the cardinal area indicating only a slight 

thickening of the shell. Compare with figures 5, 7, and 9 and note variability in the appearance of the muscula- 
ture. Chapman sandstone, same locality as figure 5. 

11, 12. Rensselaeria mainensis Williams. Wax impressions from the original of figure 7, showing the characteristic 

cardinal area and erect beak of the species. Chapman sandstone, same locality as figure 5. 
13, 14. Rensselaeria mainensis Williams. Interior molds of two small pedicle valves, showing the incisions left by the 
dental lamellae. Chapman sandstone, same locality as figure 5. 

15. Rensselaeria mainensis Williams. Brachial valve in internal mold, showing the horizontal posterior margin, strong 

musculature, faint median septum, and the filling of the ''visceral canal" or tunnel through the massive hinge 
plate. Chapman sandstone, same locality as figure 5. 

16. Chonetes novascotiais Hall var. canadensis Billings. Exterior cast of a large depressed pedicle valve. X 2. Moose 

River sandstone, Detroit, Somerset County, Maine. 

17. Leptostrophia perplana Hall. Pedicle valve, in internal mold, of a tyjncal specimen of the form of the species called 

L, blainvillei Billings, showing the medium size and obtuse musculature. X 2. Moose River sandstone, same 
locality as figure 16. 
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PLATE XII. 

[All the figures on this plate are of natural size, except figures 2, 3, 11, and 13, which are magnified 2 diameters.] 

Figiires 1-15, Hoiopea (Auriptpgrna) beu^atueni Clarke (p. 281). 
Figure 16, Puudoteetutf sp. indet. (p. 279). 
Figure 17, PteudoUehu kUeheocki (Clarke) (p. 278). 
Figures 18-27, P8ettdoUetu$f deeiduui sp. nov. (p. 278). 
Figure 28, (TonioftropAa chapmaiU sp. nov. (p. 27B). 

1. Hoiopea (Auriptygma) beuahauseni Clarke. Interior moldi showing outer whorl. Preeque Isle Stream, Chapman 

Township, Aroostook County, Maine. 

2. Hoiopea (Auriptygma) beushauaeni Clarke. Interior mold, showing two whorls and flaring lip of the body whorl. 

X 2. Prenque Isle Stream, at end of Tweedy road, Chapman Township, Aroostook County, Maine. 

3. Hoiopea {Auriptygma) beushaustni daxke. Interior mold, showing four whorls. X 2. Two miles west of Preeque 

Isle Stream, Chapman Township, Aroostook County, Maine. 

4. Hoiopea (Auriptygma) beushauseni Clarke. Body whorl. Same locality as figure 3. 

5. Hoiopea (Auriptygma) hetuhauseni Clarke. A sandstone mold, possibly of ^exterior, showing six whorls, probably 

of this species. Same locality as figure 3. 
6-9. Hoiopea (Auriptygma) heushauseni Clarke. Interior molds, showing various expressions of form, partly due to 
different degrees of removal of matrix. Same locality as figure 3. 

10. Hoiopea (Auriptygma) heushauseni Clarke. Internal mold, showing bluntly carinated form of the outer whorl. 

Same locality as figure 2. 

11. Hoiopea (Auriptygma) heushauseni Clarke. Outer whorl, showing flaring lip. X 2. Edmunds HiU, Chapman 

Township, Aroostook County, Maine. 

12. Hoiopea (Auriptygma) heushau^seni Clarke. A faint impression of a small shell in sandstone, presenting some 

resemblance to the mold shown in figure 5, and probably this species. The outlines and diviJaions between 
whorls are stronger in the figures than in the specimens. Same locality as figure 3. 

13. Hoiopea (Auriptygma) heushav.seni Clarke. A somewhat crushed interior mold, showing the flaring lip of outer 

whorl. X 2. Same locality as figure 3. 

14. 6olopea (Auriptygma) heushauseni Clarke. A specimen in which the outer portion of the 1x)dy whorl appears to 

be slightly contracted in diameter. Same locality as figure 3. t 

15. Hoiopea (Auriptygma) heushauseni Clarke. Outer whorl of a medium-sized specimen, mold of interior. West side 

of Edmunds Hill, Chapman Township, Aroostook County, Maine. 

16. Psevdotectus t sp. indet. A faint mold in sandstone, representing three whorls, the outer one of which is sharply 

angulated. The outlines are too deeply drawn in the figure; the specific characters are indistinct. Same 
locality as figure 3. 

17. Pseudotectus hitchcocki (Clarke). Gutta-percha impression of the exterior of a complete shell, showing the four 

whorls, the carinated outer edge of the whorl filling in the suture and the rapidly expanding form of the spire. 
The impression does not show the outer edge of the body whorl. Same locality as figure 3. 

18. Pseudotectu^f deciduus sp. nov. A medium-sized specimen, mainly mold of the interior, but showing a part of 

exterior of the outer whorl and the carination of the interior of the body whorl. Same locality as figure 3. 
1^21. Pseudotedust deciduus sp. nov. Molds of the interior of small specimens, showing the distinct carination of 
the body whorl, the earlier whorls not showing carination on the interior. Same locality sa figure 3. 

22. Pseudotectusf deciduus sp. nov. Internal mold, showing the carination only upon the outer part of the body 

whorl. Same locality as figure 3. 

23. Pseudotectusf deciduus sp. nov. Internal mold of body whorl, showing the ca,rinatIon only in outer part of whorl. 

Two and one-half miles west of Presque Isle Stream, Chapman Township, Aroostook County, Maine. 
24-27. Pseudotectusf deciduus sp. nov. Interior molds, showing ^tuious degrees of expression of the carination upon 

the interior surface of the shell and the shape of the mouth aperture. Same locality as figure 3. 
28. Ooniostropha chapmani sp. nov. Interior mold, showing four whorls. Same locality as figure 3. 

All from the Chapman sandstone. 
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PLATE XIII. 

[All the figorce on this plate are of natural ske.] 

Flgores 1, 4, Laxontma jertejftnte Weller (p. 280). 

Figure la, CoBlldiuzn ef. Losoneit^ planojynUa Hall (p. 275). 

Figures 2, 3, 5, Loxonema weUeriana sp. nov. (p. 279). 

Figures 6-11, MaooaUfa tentuUa sp. nov. (p. 273). 

Figures 12, Id, PUUycenu ehapmani sp. nov. (p. 299). 

Figure 13, Strophostylus cf . S. globoaus Hall (p. 263). 

Figure 14, Platyeenu (OrOionifcMa) hebet var. (p. 261). 

Figures 15, 18, PUUffottoma ventrieoaum Conrad (p. 262). 

Figure 17, Orthoeeras princUma sp. nov. (p. 282). 

Figure 19, PVatjfceroM edmundi sp. nov. (p. 260). 

Figure 20, Platpeenu iOTthonpekia) hditt Clarke (p. 260). 

Figure 21, Orthooeras cf. O. parlmense sp. nov. (p. 283). 

Figures 22, 23, Platveeras (OrthonffehUi) arooUooki sp. nov. (p. 261). 

Figure 24, PUUfcnaa {Ortkonfchia) eompreasa sp^nov. (p. 262). 

Figure 25, Ortkoeenu parlinerue sp. nov. (p. 283). 

Figure 26, Ptatpeenu lorthonpehia) hebea var. a <p. 260). 

1. Loxonema jergeyense Weller. Mold of interior, Bhowing fcjiir whorlR. Moose River sandstone, Detroit, Somerset 

County, Maine, 
la. Coelidium cf. Loxonema planogyrata Hall. Mold of interior, showing the angular character of the whorls. 
Chapman sandstone. Presque Isle Stream, near end of Tweedy road, Chapman Township, Aroostook Coimty, 
Maine. 

2. Loxonema weUeriana ep. nov. Exterior of a nearly complete specimen, showing the surface markings. Moose River 

sandstone, same locality as figure 1. 

3. Loxonem^a weUeriana sp. nov. Exterior of small specimen, showing external markings. Moose River sandstone, 

same locality as figure 1. 

4. Loxonema jerseyense Weller. Exterior of specimen, showing surface markings. Same locality as figure 1. 

5. Loxonema weUeriana sp. nov. Impression of the exterior in sandstone matrix, showing the initial portion of the 

spire of a nearly complete specimen with 12 whorls. Moose River sandstone, same locality as figure 1. 
6-1 1 . Meeocalia tenueUa sp. nov . Molds of the interior of several specimens, showing slight difference in size . Figures 
9 and 10 show more distinctly than the others the slight angularity of the inner surface of the whorls. Chapman 
sandstone; figs. 6, 9, 10, and 11 from locality 2 miles west of Presque Isle Stream, 7 and 8 from Preeque Isle Stream, 
Chapman Township, Aroostook County, Maine. 

12. PUuyceras chajmvani sp. nov. Internal mold, showing the broad sulcus on the outer side of the body whorl. Chap- 

man sandstone, Edmunds Hill, Chapman Township, Aroostook Coimty, Maine. 

13. Strophcstylus cf . S. glohomis Hall. Side view of the specimen, showing depressed whorls and trace of columellar 

twisting characteristic of Strophostylus. Chaj^man sandstone, west side of Edmunds Hill, Chapman Township, 
Aroostook County, Maine. 
14.* Platyceras (Orthonychta) hehee var. fi. A young specimen not exhibiting the specific characters of the adult form, 
but referred to the same species on account of its similarity to the early stages of growth of the type. Chapman 
sandstone, same locality as figure 13. 

15. Platyostoma ventricosum Conrad. A small specimen viewed at right angles to the axis of the shell, apparently 

representing the younger portion of the same species as the form shown in figure 18. Moose River sandstone, 
same locality as figure 1. 

16. Platyceras chapmani sp. nov. Interior mold of a smaller specimen than that of figure 12, showing sulcus over part 

of the inner half of the body whorl as well as on the outer side, suggesting the explanation as a local thickening 
of the shell. Chapman sandstone, same locality as figure 12. 

17. Orthoeeras princiana sp. nov. Specimens showing four chambers in the midpart of the shell. Moose River sand- 

stone, same locality as figure 1. 

18. Platyostoma ventricosum Conrad. A large specimen viewed from the apical end, showing the body whorl rapidly 

expanding, the surface markings, and the revolving undulations affecting the outer part of the body while the 
early stages of growth are not undulate. Moose River sandstone, same locality as figure 1. 

19. Platyceras edmundi sp. nov. A specimen showing the low spire and the sulcation on inner side of the body whorl. 

Chapman sandstone, same locality as figure 12. 

20. Platyceras (OrtJumychia) hehes Clarke. A specimen presenting the characters of Clarke's species from the same 

locality, figured from a slightly different angle from that of his figures. Chapman sandstone, same locality as 
figure 13. 
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PLATE xin. 319 

21. Ortlioceras cf. 0. parlinerue ep. no v. SpecimenB showing mold of interior of tax chambeFs. Mooee River eand- 

Btone, same locality as figure 1. 

22. Platyoeraa {Orthonychia) carooHooki sp. no v. A specimen showing the outer side of the shell opposite the aperture, 

the almost straight growth, and the angular expression of the body part of the shell. Chapman sandstone, same 
locality as figure 12. 

23. PUuyoeraa {Orthonychia) aroottooki sp. nov. Opposite side of the specimen shown in figure 22, showing the slight 

coiling of the initial portion of the shell, and the oval, elongate aperture. Chapman sandstone, same locality 
as figure 12. 

24. PUuycenu (Orthonychia) compreaaa sp. nov. A short specimen, with the same almost straight conical form as P. (0.) 

aroo9toohi, but with more compressed aperture. Chapman sandstone, same locality as figure 13. 

25. Orthoceras parlinente sp. nov. A small specimen, showing eleven chambers; the t^^pe specimen of the species. 

Moose River sandstone, Somerset County, Maine, probably from the ledge along the side of Parlin Pond. 

26. Platyceras (Orthonychia) hebea var. a. A epecimen corresponding to the apical portion of the type species. Chapman 

sandstone, same locality as figure 13. 



PLATE XIV. 

[All the figures on this plate are of natural sice except ba otherwise indirated.] 

Figures 1, la, lb, 12, 18, 17-19, 38, BeUeropKon {PhetonotuM) traabatui Sowerby (p. aS6). 

Figures 2, 11, TropiioMteua mitUmus rar. amtricanut var. nov. (p. 272)^ 

Figures 3-10, 16, 21, TVopldodtetit oftez Clarke (p. 270). 

Figures 14, 15, 20, 37, BeUerapkon iPaUlloitium) revolveiu sp. nov. (p. 265). 

Figure 22, Tropldoditeut ( Temnodiaau) iomtneti sp. nor. (p. 271). 

Figures 23, 24, TentaeiOiUt tehMheimi Koken (p. 283). 

Figure 25, ComuUUM terpularhu Schlotheim (p. 15) . 

Figure 26, TentacuUtes eL T. tUmgatiu Ilall (p. 284). 

Figure 29, ComvliUi {OrUmia) maHnentia sp. nor. (p. 16). 

1. Bellerophon (Pleetonotua) trUobatus Sowerby. A lai^ spec Linen showing the shape of the outer whorl and the sinus 

cutting into the middle of the outer lip of the median lobe. Moose Kiver sandstone, Somerset County, Maine. 
la. Bellerophon (PUctonottu) trilobatua Sowerby. Opposite view of the specimen shown in figure 1, showing the inner 

part of the outer whorl. Moose Kiver sandstone, same locality as figure 1. 
lb. Bellerophon (PlecUmotus) trilobatus Sowerby. A mold of the exterior of the outer whorl of a mature spe<'imen, 

showing the slit band in center of the middle lobe. Moose Kiver sandstone, same locality as figure 1. 

2. Tropidodiscus minimus var. americanus var. nov. A view of the front of a small specimen, showing the shape of the 

body whorl at the mouth. X 2. The same specimen is representea in figure 11. Chapman sandstone, 2 miles 
west of Preeque Isle stream, Chapman Township, Aroostook County, Maine. 

3. Tropidoducua obex Clarke. Cancellation of the external surface, showing the ornamentation of a very well pre- 

served specimen. X 5. Chapman sandstone, Edmunds Hill, Chapman Township, Aroostook County, Maine. 

4. Tropidodiscus obex Clarke. A lateral view of a complete shell. Chapman sandstone, same locality as figure 3. 

5. Tropidodiscus obex Clarke. Mold of the umbilicus. X 2. Chapman sandstone, same locality as figure 3. 

6. Tropidodiscus obex Clarke. Mold of the inner face of the outer whorl, showing the groove formed by the inner coil. 

Chapman sandstone, same locality as figure 3. 

7. Tropidodiscus obex Clarke. Dorsal view of a small specimen. Chapman sandstone, same locality as figure 3. 

8. 9. Tropidodiscus obex Clarke. Dorsal and lateral views of another nearly perfect specimen. Chapman sandstone, 

same locality as figure 3. 

10. Tropidodiscus obex Clarke. Dorsal view of the specimen shown in figure 4. Chapman sandstone, same locality as 

figure 4. 

11. Tropidodiscus minimu^s var. americanus var. nov. A lateral view of the coiled shell. Chapman sandstone, same 

locality as figure 2. 

12. Bellerophon (Plectonotus) trilobatus Sowerby. A small specimen, lateral view, showing the lateral lobe separated 

by regular impressed groove from the outer lobe. Chapman sandstone, same locality as figure 2. 

13. Bellerophon {Plectonotus) trilobatus Sowerby. A somewhat larger specimen showing the median lobe and the 

expansion at the open end of the shell. Chapman sandstone, same locality as figure 2. 

14. 15, 20, 27. Bellerophon (Patellostium) revolvens sp. not. Specimens of varying size exhibiting the characteristics 

of the species. Figures 15 and 20 show the inner and exterior molds of the same (the t>7>e) specimen, showing 
the evenly rounded body whorl and the broadly fiaring mouth, with sulcus in the outer lip. Moose River 
sandstone, Detroit, Somerset County, Maine. 

16. Tropidodiscus obex Clarke. A specimen of the same outline as the typical Chapman form but with groove above 

the bulging umbUical ridge. Compare with figure 4. Moose River sandstone, same locality as figure 14. 

17. Bellerophon (Plectonotus) trilobatus Sowerby. Another specimen, lateral view. Chapman sandstone, same 

locality as figure 2. 

18. Bellerophon (Plectonotus) trilobatus Sowerby. Another specimen of about the same size as that shown in figure 12, 

showing the flattened median lobe and narrow lateral lobes. Chapman sandstfrne, same locality as figure 2. 

19. Bellerophon (Plectonotus) trilobatus Sowerby. A specimen of the same size and form as that shown in figure 13. 

Moose River sandstone, same locality as figure 14. 

20. See figure 14.' 

21. Tropidodiscus obex Clarke. A small specimen showing the shape of the umbilicus and smaller whorls of the shell. 

Chapman sandstone, same locality as figure 3. 

22. Tropidodiscus (Temnodxscus) somerseti sp. nov. A large 8i)ecimen showing part of the outer whorl aud umbilical 

cavity but broken at the front. Moose River sandstone, same locality as figure 14. 

23. 24. TentacuUtes schlotheimi Koken. Two specimens in sandi^tone, Fhowing the shape and size of the cone aud the 

rings of the surface, but not the surface markings. Chapman sandstone, west side of Edmunds Hill, Chapman 
Township, Aroostook Coimty, Maine. 
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PLATE XIV. 321 

25. Comulites serpularius Schlotheim. A fiagment showing the characteristics of the species, partly embedded in 

sandstone. Chapman sandstone, same locality as figure 3. 

26. TentaculiteB ci. T. elongaiUB Hall. A slab of sandstone showing several specimens, some of them larger than the 

Chapman specimens; and smaller than TentaculiUs elongatuSf which they also closely resemble. Moose River 
sandstone, same locality as figure 14. 

27. See figure 14. 

28. Bellerophon (PUeUmotus) trilobatua Sowerby. A small, narrow specimen showing the shape of the shell in yoimg 

stage of growth. Chapman sandstone, same locality as figure 2. 

29. Comulitea (Ortonia) mainenais sp. nov. A specimen showing the small conical shells attached to the surface of a 

Chonetes. Moose River sandstone, same locality as figure 14. 

50245"— No. 89—16 21 



PLATE XV. 

[All the flKuns on this plate are of natural slM.] 

Flgnres 1-17, AettnoptereOa radiaUt (Clarke) (p. 1&4). 
Vigana 16-23, AeHnoptereUa arooHooki (Clarke) (p. 187). 

1. AcHnopterella radialis (Clarke). Mold of interior of a right valve, showing the hinge area and teeth and anterior 

muscular impression. Chapman sandstone, Preeque Isle Stream, Ch&pman Township, Aroostook County 
Maine. 

2. AcHnopterella radialis (Clarke). Exterior of a left valve, showing hinge area, hinge teeth and anterior muscular 

scar, and surface markings. Chs^man sandstone, same locality as figure 1. 
3-7. Actinopterella radialis (Clarke). Exterior of left valves, showing considerable difference In shape, size, and 

proportions. Chapman sandstone, same locality as figure 1. 
8-10. Actinopterella radialU (Clarke). Different views of a single specimen of a mold of interior of both valves. 

Figure 8 shows view from front, both valves convex, though left valve more convex than right; figure 9, view 

from apical end, showing similarity of the two valves; figure 10, mold of interior of right valve. Chapman 

sandstone, same locality as figure 1. 

11. Actinopterella radialis (Clarke). Left valve, showing anterior teeth and muscular scar. Chapman sandstone, 

same locality as figure 1. 

12. Actinopterella radialis (Clarke). Left valve, showing broad umbonal region and rather small posterior wing, 

Chapman sandstone, same locality as figure. 1. 

13. Actinopterella radialis (Clarke). Left valve, showing both concentric and radial surface markings, mucronate 

extension of posterior wing, and posterior tooth. Chapman sandstone, same locality as figure 1. 

14-17. Actinopterella radialis (Clarke). Four views of the same specimen, showing convexity of both valves but some 
difference in relative size, especially at early stage of growth. Chapman sandstone, same locality as figure 1. 

18-21. Actinopterella aroostooki (Clarke). Exterior views of left valves, showing the coarse surface marking, extend- 
ing over the wings as well as the body of the shell. Chapman sandstone, west side of Edmunds Hill, Chap- 
man Township, Aroostook County, Maine. 

22. Actinoptertlla aroostooki (Clarke). Mold of exterior of left valve. Chapman sandstone, same locality as figure 18. 

23. Actinopterella aroostooki (Clarke). Mold of interior of right valve, in which the posterior hinge tooth and the 

exterior surface markings are impressed. Chapman sandstone, same locality as figure 18. 
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PLATE XVI. 

[All the flguras on this plate are of natural size.] 
Figures 1^, FMrnanneUa mainenHa (Clarke) (p. 179). 

1. Follmannella mainensis (Clarke). Interior of a left valve in which the exterior markingB are shown through the 

outer layer of the shell but do not affect the inner layers. The mature form of the shell is shown in this speci- 
men. Moose River sandstone, Detroit, Somerset County, Maine. 

2. Follmannella nuxineruis (Clarke). An immature left valve, showing the characteristic sur&ce markings over the 

body and on the wing. Moose River sandstone, same locality as figure 1. 

3. Follmannella mainensis (Clarke). Mold of interior of left valve, showing the hinge teeth and anterior muscular 

scar. Moose River sandstone, same locality as figiire 1. 

4. Follmannella maiTiensis (Clarke). Exterior of a left valve, similar to that shown in figure 3. Moose River sand- 

stone, same locality as figure 1. 

5. Follmannella mainengis (Clarke). An exfoliated left valve of a mature massive specimen. Varietally differing 

from the typical specimens shown in figures 1 to 4, but presenting the same characters of general form. The 
concentric lines are too strongly represented in the figure; only the innermost layers of the shell are present 
and only on a part of the original specimen. Moose River sandstone, same locality as figure 1. 

6. Follmannella mainensis (Clarke). An exfoliated and crushed specimen of a mature left valve, showing the inner 

layers of shell without the characteristic suriace markings of the outer layers. Moose River sandstone, same 
locality as figure 1. 
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PLATE XVII. 

[All the figures on this plate are of Datural siM.) 

Figures 1-U, FcOmannOla molneiuir (Clarke) (p. 179). 

Figure 12, ActinopUreUa eoneentrica sp. nov. (p. 190). 

Figure 13, Aetinopterella arooHooki var. jtlanieosta var. nov. (p. 190). 

Figures 14-16, Aetinopterella aroottooki (Clarke) (p. 187). 

Figure 17, AUinoptereUa anostooki var. erecta var. nov. (p. 189). 

Figure 18, Aetinopterella tenuiradiata sp. nov. (p. 191). 

1. Follmannella mainensis (Clarke). A medium-sized left valve, showing the characteristic surface markings over 

the body and the contour of the posterior part of an immature shell and the posterior wing. Moose River sand- 
stone, Detroit, Somerset County, Maine. 

2. Follmannella nudnensis (Clarke). An exfoliated left valve, showing the outline and the beginning of retral exten- 

sion of the basal part of the shell. Moose River sandstone, same locality as figure 1. 

3. Follmannella mmnensia (Clarke). A small left valve of narrow, elongate form, exhibiting surface markings but 

not the retral extension of the base, characteristic of adult shells. Moose River sandstone, same locality as 
figure 1. 

4. Follmannella mainenns (Clarke). A small broad form, exhibiting the characteristic surface markings but not the 

characteristic form of mature shells. Moose River sandstone, same locality as figure 1. 

5. Follmannella mamensia (Clarke). A medium-sized left valve in which the mature characteristics of form have 

been assumed early in growth and are expressed in extreme development. Moose River sandstone, same 
locality a^ figure 1. 
■6. Follmannella mainensis (Clarke). A small erect form, showing surface markings on the front part of the shell, and 
by removal of shell over the umbonal region exhibiting the hinge teeth and anterior muscular scar. Moose 
River sandstone, same locality as figure 1. 

7. Follmannella mainenaia (Clarke). Mold of interior of left valve, showing the hinge teeth and anterior muscular 

scar. Moose River sandstone, same locality as figure 1. 

8. Follmannella mainensis (Clarke). Mold of interior of left valve, showing hinge teeth and both muscular scars. 

Moose River sandstone, same locality as figure 1. 

9. Follmannella mainensis (Clarke). Mold of interior of right valve, showing the hinge teeth, anterior muscular scar, 

concave form of that valve, and faint impressions of radial markings on the interior of the basal part of the 
shell. These markings are very faint on the original, and their strength and regularity are exaggerated in 
the figure. No specimens showing the exterior of the right valve have been seen. Moose River sandstone, 
same locality as figure 1. 

10. Follmannella mainensis (Clarke). A partly exfoliated left valve. In the central part of the shell the superficial 

radial lineation is conspicuous. Near the basal margin the concentric lines dominate, showing the deeper 
layers of the shell, the surface having been removed. Moose River sandstone, same locality as figure 1. 

11. Follmannella mainensis (Clarke). A small specimen. The slightly greater coarseness of the radial lineation is 

due to removal of the outer layer of the shell, on which the finer intercalated radial lines are better exhibited. 
Moose River sandstone, same locality as figure 1. 
12.^ Aetinopterella concentrica sp. nov. An imperfect specimen of a left valve, showing the posterior part of Uie shell 
and its characteristic surface sculpture. The high arching of the umbonal and central part of the shell are not 
correctly reproduced by the figure. Chapman sandstone, west side of Edmunds Hill, Chapman Township, 
Aroostook County, Maine. 

13. Aetinopterella aroostooki var. planicosta var. nov. An imperfect specimen of a left valve, showing the form and 

surface character of the variety. Chapman sandstone, Edmunds Hill, Chapman Township, Aroostook County, 
Maine. 

14. Aetinopterella aroostooki (Clarke). An erect specimen, showing the characteristic markings of the species. Chap- 

man sandstone, same locality as figure 12. (See also PI. XV, figs. 18-23.) 

15. Aetinopterella aroostooki (Clarke). A specimen showing the lineation on the posterior wing. Same locality 

as figure 14. 

16. Aetinopterella aroostooki (Clarke). A right valve, showing both wings, the posterior hinge tooth, the anterior 

muscular scar, and the characteristic convexity. Chapman sandstone, same locality as figure 12. 

17. Aetinopterella aroostooki var. erecta var. nov. The type specimen of the variety, a left valve in which the broad 

and depressed convex umbonal region and coarser radial lineation are exhibited. Chapman sandstone, 2} 
miles west of Presque Isle Stream, Chapman Township, Aroostook County, Maine. 

18. Aetinopterella tenuiradiata sp. nov. Mold of interior of left valve, showing the highly arched cylindrical body 

portion of the shell, the strong posterior hinge teeth, and the faintly impressed radial lineation, implying a dis- 
tinct lineation on the exterior of the shell, although no exterior of this species has been seen. Moose River 
sandstone, Detroit, Somerset County, Maine. 
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PLATE XVIII. 

[All the figures on this plate are of natural size.] 

Figures 1-6, 8, 11, MyaUna maureriana sp. nov. (p. 213). 
Ffgures?, 9, 10, 12, MpUina maureriaTia var. lata var. nov. (p. 215). 

1. Myalina maiurerUma sp. nov. Mold of the interior of a right valve, with part of the shell preserved across the 

middle part of the valve. The flat striated hinge, the small deep pit of the anterior muscular scar, and a little 
of the pallial line are visible. Chapman sandstone, Presque Isle Stream, Chapman Township, Aroostook 
County, Maine. 

2. Myalina maureriana sp. nov. Gutta-percha impression of the mold of the exterior of a left valve, showing the 

surface character and the beak projected slightly beyond the edge of the hinge. Chapman sandstone, same 
locality as figure 1. 

3. Myalina maureriana sp. nov. A specimen of a right valve showing the posterior muscular scar and mantle. 

Chapman sandstone, same locality as figure 1. 

4. Myalina Tnawreriana sp. nov. Mold of the interior of a right valve, showing part of the hinge area, the outline 

of the edge of the mantle and the posterior muscular scar near the middle and the anterior muscular scar at the 
hinge margin. Chapman sandstone, same locality as figure 1. 

5. Mycdina maureriana sp. nov. A specimen similar to that shown in figure 4, but somewhat more slender and 

elongate, in which only the posterior scar is visible. Chapman sandstone, same locality as figure 1. 

6. Myalina maureriana sp. nov. Mold of the interior of a right valve. 

7. Myalina maureriana var. lata var. nov. A partly exfoliated right valve, lowing the characteristic widening of 

the front part of the shell and the sivface sculpture (on the left). Chapman sandstone, Presque Isle Stream, 
Chapman Township, Aroostook County, Maine. 

8. Myalina maureriana sp. nov. A small left valve, which apparently from thinness of the sh^U has left the im- 

pression of the surface sculpture on the matrix. In the specimen the shell substance is entirely removed. 
Chapman sandstone, same locality as figure 1. 

9. Myalina maureriana var. lata var. nov. Mold of interior of left valve, showing outline of mantle but no distinct 

evidence of muscular attachments. Chapman sandstone, same locality as figure 7. 

10. Myalina maureriana var. lata var. nov. Mold of interior of a small right valve in which the pallial margin is evi- 

dent but no distinct impression of muscular scar. Chapman sandstone, same locality as figure 7. 

11. Myalina maureriana sp. nov. Exterior surface of a right valve, somewhat exfoliated but exhibiting the rough 

surface of a mature shell. Chapman sandstone, same locality as figure 1. 

12. Myalina maureriana var. lata var. nov. Exterior of a left valve, showing the characteristic broadening of the 

anterior part of the shell of this variety as contrasted with the slightly broadened form of the typical species 
shown in figure 11. ("hapman sandstone, same locality as figure 7. 
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PLATE XIX. 

[All the figures on this plate are of natural size except figures 4, 7, and 8, which are enlarged 1} diameters.] 

Figure 1, CMdophonu eurlut sp. nov. (p. 160). 

Figure 2, Orthode$ma earinifera sp. nov. (p. 126). 

Figures 3, 9, 11, 13, 15, 16, TelliniUs gii>bo9a var. kaifseri Beushausen (p. 165). 

Figure 4, NueuMdea beUahtia sp. nov. (p. 174). 

Figure 5, TeUiniUt ehapinani sp. nov. (p. 163). 

Figure 6, Nueuloidea eordata sp. nov. (p. 175). 

Figure 7, of. NueuMdea ofuiagraneruit Beushausen (p. 176). 

Figure 8, Nueuhidea trigonaU sp. nov. (p. 176). 

Figures 10, 12, 19, PaUoneOo (Ditkhia) matnetuU Clarke (p. 168). 

Figures 14, 17, QlottiUt banandU sp. nov. (p. 144). 

Figure 18, Ooniophon Icayaeri sp. nov. (p. 230). 

Figure 20, QlottiUt amnigenoides sp. nov. (p. 145). 

Figure 21, LeiopUria reMafia sp. nov. (p. 211). 

Figures 22, 26, Mfolina mauTeriana sp. nov. (p. 213). 

Figure 23, Metfambonia cotdiiformia v?a. parviuseula var. nov. (p. 201). 

Figures 24, 27, Myalina maurerkma var. pterlnttoldes var. nov. (p. 215). 

Figure 25, cf. Cyprkardetta rotundata sp. nov. (p. 246). 

Figure 28, ifyoilna maurerUina var. lata var. nov. (p. 215). 

1. Cleidophorus curtns sp. nov. Mold of interior of left valve, showii^^ the strong ridge on interior sepaiating anterior 

muscular scar from umbone, and slight ridge on posterior side. Chapman sandstone, Edmunds Hill, Chapman 
Township, Aroostook County, Maine. 

2. Orihodetma carini/era sp. nov. Interior mold of a left valve, the supposed outline of the posterior and front maigin 

is expressed by added line. Chapman sandstone, 2 miles west of Presque Isle Stream, Chapman Township, 
Aroostook County, Maine. 

3. TellinUes gibboM var. hayuri Beushausen. Mold of interior of a small left valve, in which the anterior and front 

are preserved, but the beak and hinge portion are absent. Chapman sandstone, same locality as figure 2. 

4. Nuculoidea bellatula sp. nov. Exterior of a right valve, showing the narrow erect form and surface markings. 

X 1}. Chapman sandstone, west side of Edmunds Hill, Chapman Township, Aroostook County, Maine. 

5. Tellinitea chapmani sp. nov. Mold of interior of right valve, near the upper posterior maigin of which a part of 

the shell is preserved, showing the surface lineation. The coaiser concentric undulations seen on the body of 
the shell evidently belong to the inner surface of the shell and are not expressed on the exterior. Chapman 
sandstone, same locality as figure 2. 

6. Nucidoidea eordata sp. nov. Exterior of a right valve, showing size, form, and surface markings. Chapman sand* 

stone, same locality as figure 1. 

7. cf. Nuculoidea aquisgranensia Beushausen. An imperfect specimen showing the left valve without the umbonal 

portion. The form of the body of the shell, surface markings, pallial line, and anterior muscular scar are seen 
in the figure. Chapman sandstone, same locality as figure 4. 

8. Nuculoidea trigonaU sp. nov. A small right valve, showing the thick umbonal portion of the shell and well- 

rounded front, with a single strong growth lamella. X 1). Chapman sandstone, same locality as figure 4. 
0. TellinUes gxbbosa var. kayseri Beushausen. Mold of interior of a small left valve, showing the concentric folds 
and the faint radiating lineation, which do not appear on the outer surface of the shell. Chapman sandstone, 
same locality as figure 2. 

10. Pakoneih {DUidUa) mainensiB Clarke. Interior mold of left valve, showing the strong ridge on the inner side of 

both the anterior and posterior muscular scars and a low umbonal fold from beak to front on inner side of the 
internal ridge. The hinge margin is lacking. Chapman sandstone, same locality as figure 2. 

11. Tellinites gibbom var. kayseri Beushausen. Mold of interior of left valve, showing almost complete outline of the 

shell and the characteristic undulations on the posterior slope and radial lines over the body of the shell on 
the interior surface. Chapman sandstone, same locality as figure 2. 

12. Paleoneilo (DiHckia) mainenns Clarke. Interior mold of right valve, showing the strong ridges inside the muscu* 

lar scars, the anterior much deeper and broader than the posterior, indication of two of the cardinal teeth in 
front of the beak, and the slight undulations along the posterior slope. Chapman sandstone, same locality as 
figure 2. 

13. Tellinites gibbosa var. kayseri Beushausen. A specimen showing the form of the beak and front end of a left valve. 

Chapman sandstone, same locality as figure 2. 

14. 17. Glossites barrandii sp. nov. Mold of exterior and matrix of same specimen showing the form and surface mark- 

ings of a left valve. Chapman sandstone, same locality as figure 4. 
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15. TelliniUa ffibbon var. kaygeri Beushausen. A right valve, partly a mold of interior but shoving on the front and 

anterior the outer suHace with fine sharp concentric lines. The posterior slope is crushed, so that evidence of 
the undulations is destroyed. Chapman sandstone, same locality as figure 2. 

16. TelliniUa gibbom var. hayuri Beushausen. Mold of interior of right valve, showing strong surface undulations on 

posterior slope, faint radiating Unes over the body of the shell and distinct concentric lines of growth over the 
whole. Chapman sandstone, same locality as figure 2. 

17. See figure 14. 

18. Goniophora hxymri sp. nov. A sandstone mold of a left valve, showing form, but devoid of either internal or 

external markings. Chapman sandstone, same locality as figure 4. 

19. PaleoneUo (DiHehia) Tnainerms Clarke. An imperfect sandstone mold of a left valve. Chapman sandstone, same 

locality as figure 1. 

20. GlostiteM amnigenoide$ sp. nov. A right valve, the umbonal and cardinal part absent and theoretically reproduced 

by lines. Shows the sur&ure markings and the anterior muscular scar. Chapman sandstone, same locality as 
figure 1. 

21. Leiopteria reiaiana sp. nov. Exterior of a left valve showii^ concentric surface sculpture and the form and outline 

of the shell. Chapman sandstone, Presque Isle Stream, Chapman Township, Aroostook County, Maine. 

22. Myalina mawreriana sp. nov. A small specimen, mainly an interior mold, of a left valve. Chapman sandstone, 

same locality as figure 21. 

23. Megambonia df. M.eardiiformis var. parviiucula var. nov. Specimen showing the exterior form and markings of 

a left valve. Moose River sandstone, Detroit, Somerset County, Maine. 

24. Myalina mavreriana var. pterinmoides (Clarke). Interior mold of left valve, showing pallial line and (faintly) the 

posterior scar. Chapman sandstone, same locality as figure 21. 

25. cf . Cypricanklla rotundata sp. nov. A sandstone mold of a left valve, showing very little upon which to identify 

it, but referred with doubt to the species named. Chapman sandstone, same locality as figure 1. (See also 
PL XXI, figs. 14, 15.) 

26. Myalina mawreriana sp. nov. Internal mold of left valve, showing distinctly the two muscular scars and the pallial 

margin. Chapman sandstone, same locality as figure 21. 

27. Myalina maureriana var. pterinmoides (Clarke). Mold of a nearly perfect left valve, showing shell over right side 

of body and internal mold on left. Chapman sandstone, same locality as figure 21. 

28. Myalina maureriana var. lata var. nov. Mold of interior of left valve, showing pallial line and the posterior muscular 

scar; the anterior scar not visible. Chapman sandstone, same locality as figure 21. (See also PI. XVIII, figs. 
7, 9, 10, 12.) 



PLATE XX. 

the figores cm this jdate are of nAtural sice.] 

Figures 1-7, Modiofnorpha tJuipmafA sp. nov. (p. 221). 

Figure 8, Chammytia (Qrammytioidea) prindana sp. nov. (p. 196). 

Figured, Sdikodfut prunum sp. nov. (p. 238). 

1. Modumiorpha chapmani sp. nov. Sandstone mold of a right valve. The shell substance is entirely removed and 

the concentric lineation, though it represents the surface markings, is probably less sharp than on the actual 
surface of the shell. Chapman sandstone, Edmunds Hill, Chapman Township, Aroostook County, Maine. 

2. Modiomorpha chapmani sp. nov. A somewhat weathered mold of a left valve on which the concentric markings 

are nearly obliterated. Chapman sandstone, west side of Edmimds Hill, Chapman Township, Aroostook County, 
Maine. 

3. Modiomorpha chapmani sp. nov. Mold of right valve on which the concentric Hues on the posterior slope of the 

cardinal border of the shell and the coarser surface folding on the anterior end are distinctly preserved. Chap- 
man sandstone, same locality as figure 2. 

4. Modiomorpha chapmani sp. nov. A left valve in which the margin is lacking except at the posterior end, but the 

body form is represented. Chapman sandstone, same locality as figure 1. 

5. Modiomorpha chapmani sp. nov. An imperfect left valve, the outlines of which are reconstructed. Chapman 

sandstone, same locality as figure 2. 

6. Modiomorpha chapmani sp. nov. Stone mold of a left valve, much weathered, but still preserving the strong con- 

centric growth lines of the shell. Chapman sandstone, same locality as figure 1. 

7. Modiomorpha chapmani sp. nov. Posterior })art of a left valve showing the broad sulcuis on the median part of the 

shell. Chapman sandstone, same locality as figure 2. 

8. Grammygia (Grammysioidea) prindana sp. nov. Mold of the exterior of a laige right valve, the surface considerably 

weathered but still showing the concentric growth varices, the posterior umbonal angular ridge, and the posterior 
muscular scar. Moose River sandstone, Detroit, Somerset Coimty, Maine. 

9. SchUodusf prunum sp. nov. An imperiect stone mold, showing little of definite value but resembling in form the 

genus Schizodus. Chapman sandstone, Edmunds Hill, Chapman Township, Aroostook County, Maine. 
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PLATE XXI. 

[AIlflM fi^ins oo tbis plate are of natanlslse except flguie 1, which is magnified 2 diametecB.] 

Flgnre 1, C^fprteardeOa beOatuIa sp. nov. (p. 344). 
Figures 2-7, 10-13, Modiomorpka arcoHooki sp. nov. (p. 219). 
Figure 8, CfprieardeUa tratuverM sp. nov. (p. 247). 
Figure 0, Cypricardella ct C. hkotttda Krants (p. 248). 
Figures 14-15, CppriearieUa rotundata sp. noy. (p. 246). 
Figure 16» Modiomorpha ct li. proua Clarke (p. 219). 

1. Cypricardella heUatiUa sp. nov. A well-preserved mold of this small species, showing well the form and surface 

chiiracters X 2. Chapman sandstone, Preeque Isle Stream, at end of Tweedy road, Chapman Township, 
Aroostook County, Maine. 

2. Modiomorpha aroostooH sp. nov. Exterior of right valve, somewhat worn, the edges imperfect, but showing 

the form and surface markings. Chapman sandstone, Presque Isle Stream, Chapman Township, Aroostook 
County, Maine. 

3. Modiomorpha aroostoohi sp. nov. Ventral part of left valve, showing the concentric lineation of the surface. 

Chapman sandstone, same locality as figure 2. 

4. Modiomorpha aroostoohi sp. nov. Another imperfect left valve, in which the form is more elongate in the 

direction of the umbonal ridge. Chapman sandstone, same locality as figure 2. 
6. Modiomorpha aroostoohi sp. nov. Fragment of a right valve, showing a piece of the shell and the mold of the 
interior, the pallial margin, and the inner edge of the posterior muscular scar. Chapman sandstone, same 
locality as figure 2. 

6. Modiomorpha aroostoohi sp. nov. Weathered fragment of left valve. Chapmim sandstone, same locality as 

figure 2. 

7. Modio^norpha aroostoohi sp. nov. A nearly complete left valve, showing the form and surface markings. 

Chapman sandstone, same locality as figure 2. 

8. Cypricardella transversa sp. nov. A sandstone mold shovdng form but very little of surface character, referred 

with doubt to the genus Cypricardella. Chapman sandstone, Edmunds Hill, Chapman Township, Aroostook 
County, Maine. 

9. Cypricardella cf . C bicostula Krantz. A finely preserved fragment of the mold of the exterior of a left valve. The 

specimen is concave. Chapman sandstone, same locality as figure 8. 

10. Modiomorpha aroostoohi sp. nov. Mold of interior of left valve, showing the anterior muscular scar. Chap- 

man sandstone, same locality as figure 2. 

11. Modiomorpha aroostoohi sp. nov. Mold of interior of left valve, showing umbonal ridge and anterior muscular 

scar. Chapman sandstone, same locality as figure 2. 

12. Modiomorpha aroostoohi sp. nov. Mold of interior of left valve, somewhat crushed, showing anterior and 

posterior (?) muscular scars. Chapman sandstone, same locality as figure 2. 

13. Modiomorpha aroostoohi sp. nov. A left valve in which the surface of the front part and the form of the umbo 

and umbonal ridge are well preserved. Chapman sandstone, same locality as figure 2. 

14-15. Cypricardella rotundata sp. nov. Stone molds of left valves; weathered specimens; the surface markings being 
removed. Chapman sandstone, west side of Edmunds Hill, Chapman Township, Aroostook County, Maine. 

16. Modiomorpha protea Clarke. Fragment of left valve, showing the form of Clarke's species. Chapman sand- 
stone, same locality as figure 8. 
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PLATE XXn. 

[All the figures on this plate are of natonl sice.) 

Fl^aies 1, 3, PhacopldeBa ckapmarU sp. nov. (p. 287). 

Figures 2, 4, 7, 9, Polppora lUaea Hall (p. 20). 

Figure 6, Dalmimites (Synphoria?) sp. fi (p. 280). 

Figure 6, Polypofa ptyche BilUngs (p. 20). 

Figures, Dalmanltes (Synphoria?) sp. a (p. 288). 

Figures 10, 12, 13, 15, 21, HomaUmottu vanuxemi Hall (p. 288). 

Figures 11, 14, 17, 18, 22, Homalonotut latkaudaiiu sp. nor. (p. )286. 

Figure 16, Favosites sp. indet. (p. 14). 

Figure 19, AitenlepiB darkei Eastxmm (p. 293). 

Figure 20, Trachpderma (fOpriehniUa) speeiota sp. nov. (p. 19). 

1. PhaeopideUa chajymani sp. nov. Cepbalon, showing small size, elongate glabella, with only the third pair of furrows 

showing. Chapman sandstone, west side of Edmunds Hill, Chapman Towndiip, Aroostook County, Maine. 

2. 4,7, 9, Polypara lilaea Hall. Stone molds of incomplete fronds, showing the arrangement and size of the fenestniles. 

Chapman sandstone, same locality as figure 1 . 

3. Phacojnddla chapmani sp. nov. Fragment of a small pygidium, showing resemblance to Proetus and Fhacops. 

Chapman sandstone, same locality as figure 1. 

4. See figure 2. 

5. Dalmanites (Synphoria?) sp. p. Fragment of a pygidium of a small specimen, too imperfect for satisfactory 

specific definition. Chapman sandstone, same locality as figure 1. 

6. Polypara psyche Billings. Stone mold of incomplete frond, showing fenestniles of larger size than in P. lUata. 

Chapman sandstone, same locality aa figure 2. 

7. See figure 2. 

8. Dalmanites (Synphoria?) sp. or. Fragment of a pygidium, too imperfect for satisfactory specific definition. Chap- 

man sandstone, Edmunds Hill, Chapman Plantation, Aroostook County, Maine. 

9. See figure 2. 

10. E&maUmotus vanuxemi Hall. A small terminal part of a pygidium. Chapman sandstone, 2 miles west of Presque 

Isle Stream, Chapman Township, Aroostook County, Maine. 

11. Himudonotus laiicavdatua sp. nov. A small, nearly complete glabella, showing the eye lobes and occipital ring. 

Chapman sandstone, same locality as figure 8. 

12. Hamalonotus vamtxemi Hall. Portion of the right side of a glabella, showing part of the right eye lobe. Chap- 

man sandstone, same locality as figure 10. 

13. Homalonottis vanuxemi Hall. A nearly complete pygidium of a small specimen. Chapman sandstone, same 

locality as figure 10. 

14. HomaloTiotus laiioaudatus sp. nov. Posterior of a medium-sized pygidium, showing the wide axis and broad form. 

Compare with figure 13. Chapman sandstone, same locality as figure 1. 

15. Homalonottu vanuxemi Hall. A hypostoma preserving a portion of the shell substance. Chapman sandstone, 

same locality as figure 10. 

16. Favosites sp. indet. Mold of surface of mass of coral, showing the filling of the mouths of the coralites. Chapman 

sandstone, same locality as figure 1. 

17. HoTnalonotus laticaudatus sp. nov. A fragment of a large pygidium.- Chapman sandstone, same locality as 

figure 1. 

18. Homalonotus Uuicaudatus sp. nov. Stone mold of a fragment of a laige pygidium, showing the broad axis. Chap> 

man sandstone, same locality as figure 8. 

19. Axterolepsis darkei Eastman. A dorso-median plate, showing the closely crowded stellate tubercles and the angular 

median ridge, with rapidly sloping sides characteristic of the genus. Chapman sandstone, 2 miles west of 
Presque Isle Stream, Chapman Township, Aroostook County, Maine. 

20. Trachyderma (fOyruJmites) speciosa sp. nov. A piece of the tubular skin molded in the sandstone block, showing 

the shape of the flattened tubular form and the broad wrinkles of the surface . Chapman sandstone, same locality 
as figure 8. 

21. H(ymal(motU8 vanuxemi Hall. A fragment of the right free cheek. * Chapman sandstone, same locality as figure 10. 

22. Honudanottu UUioaudattu sp. nov. Mold of a segment of the thorax. Chapman sandstone, same locality as figure 1 . 
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PLATE XXIII. 

[All the flgores on this plate are of natural size except figure 1 0, which is magnified 2 diameters.] 

PUgoie 1 , TTConocordlttin dtMa sp. nov. (p. 201). 

Figure a, ActlnopteraUa sp. d (p. 102). 

Pigmes 3, 7, ActinoptereUa sp. r (p. 192). 

Figures 4, 10, Limoptera paveiradUUa Hall var. chapmani var. nov. (p. 204). 

Figure 5, PtenmiUSia quairata sp. nov. (p. 106). 

Figores 6, 8, 9, 1 1-13, AeUnopUreUa radialia (Clarke) (p. 184). 

Figures 14, 15, CypriieardUe$ detroUaue sp. nov. (p. 155). 

Figures 16, 17, Orammpsia modiomorphm Clarke (p. 138). 

1. '>?Conocardium dubia sp. nov. This fragment is supposed to represent the inflated middle portion of a right 

valve of a Conocardium, showing the longitudinal furrows over the body part of the shell. Chapman sandstone, 
Presque Isle Stream, Chapman Township, Aroostook County, Maine. 

2. ActinoptereUa sp. 9, Left valve, with imperfect surface. The figure does not exhibit the highly arched form of 

the shell which is characteristic of the original. Chapman sandstone, 2} miles west of Preeque Isle Stream, 
Chapman Township, Aroostook County, Maine. 

3. ActinoptereUa sp. y. Fragment of a left valve ehovdng in mold the exterior markings. Chapman sandstone, 

Presque Isle Stream, at end of Tweedy road, Chapman Township, Aroostook County, Maine. 

4. 10. LimopUra paudradiata Hall var. chapmani var. nov. Molds of the interior and exterior of a single left valve. 

In figure 4 the outline is somewhat distorted by crushing, but the relation of body and wing is well seen; in figure 
10 (which is enlarged 2 diameters) the nature of the surface sculpture is seen. Chapman sandstone, Edmunds 
HUl, Chapman Township, Aroostook County, Maine. 
h, PteroniUlla quadrata sp. nov. Stone mold of the left valve, of which the contour, wing, and surface markings are 
exhibited. Chapman sandstone, same locaUty as figure 1. 

6. ActinoptereUa radialis (Clarke). Mold of interior of left valve, showing the posterior cardinal tooth and the anterior 

cardinal of this valve with cavity for articulation with its opposite tooth. Chapman sandstone, same locaUty 
as figure 1. 

7. ActinoptereUa sp. y. Mold of interior of left valve, showing the narrow, highly arched body of the shell. Chapman 

sandstone, same locaUty as figure 3. 

8. ActinoptereUa radialis (Clarke). Fragment of mold of exterior of left valve, showing part of the anterior wing 

and the surface* sculpture. Chapman sandstone, same locality as figure 1. 

9. ActinoptereUa radialit {Clsake). Moldof interior of left valve, showing wing and posterior tooth. Chapman sand- 

stone, same locality as figure 1. 

10. See figure 4. 

11. ActinoptereUa radialis (Clarke). Interior mold of a left valve, the beak of which is abruptly cut off, showing the 

striated hinge area and the posterior hinge tooth. Chapman sandstone, same locality as figure 1. 

12. ActinoptereUa radialis (Clarke). Direct view of mold of right valve, showing the anterior teeth and the over- 

arching beak of the left valve. Chapman sandstone, same locality as figure 1. 

13. ActinoptereUa radialis (Clarke). Mold of interior of another right valve of more regular form than the specimen 

shown in figure 12. Chapman sandstone, same locaUty as figure 1. 

14. Cypricardites detroitense sp. nov. Mold of interior of two valves stiU joined at the hinge Une. The left valve, 

showing hinge teeth, is in its natural form, but the right valve is crushed. Moose River sandstone, Detroit, 
Somerset County, Maine. 

15. Cypricardites detroitense sp. nov. Mold of interior of right valve, showing the form and exhibiting the posterior 

hinge teeth. Moose River sandstone, same locality as figure 14. 

16. Orammysia modiomorphse Clarke. A worn, imperfect specimen of a right valve, showing the anterior end and 

oblique sulcus across center of shell. Chapman sandstone, same locaUty as figure 4. 

17. Orammysia mcdiomorphx Clarke. A worn specimen, showing faintly the concentric varices and the general form 

of a right valve. Chapman sandstone, same locaUty as figure 4. 
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PLATE XXIV. 

[All the figures on this plate are of natural size except flgs. 1, 2, 3, S, and 7, which are magnified 2 diameters.] 

Flgoree 1, 3, 6, 7, Paleotolen ekapmant sp. nov. (p. 251). 
Figure 2, Plewodietpum prxMematieum Ooldfuss (p. 14). 
Figure 4, Megambonia cf. M. eardiiformU Hall (p. 199). 
Figure 6, cf. Edmoodia (sp. indet.). 
Figure 8, cf. Schizodus (sp. indet.) (p. 239). 
Figure 9, Sphenotomorpha Hgidiila sp. nov. (p. 234). 
Figure 10, CTrammfwioidea eOffmettxndet sp. nov. (p. 138). 
Figure 11, WymeOa "harriai sp. nov. (p. 142). 
Figure 12, ihammytia aeadiea Billings var. (p. 135). 
Figures 13, 15, Ooniophora omega sp. nov. (p. 232). 
Figure 14, AnodontopsU maecoyiana sp. nov. (p. 236). 
Figure 16, Cimitaria cf. C. chapmani sp. nov. (p. 255). 

1. PaleosolenchapTnaniep.nov. Anearly complete right valve, showing the general fonn and outline. X2. Chap- 

man sandstone, Presque Isle Stream, at end of Tweedy road, Chapman Township, Aroostook County, Maine. 

2. PUurodictyum problematicum Goldfuss. A specimen showing mold of the interior of the tubules, too poorly pre- 

served for close specific identification. Chapman sandstone, same locality as figure 1. 

3. Paleosolen chapmani sp. nov. A nearly complete right valve, more slender that the one shown in figure 1 and 

exhibiting the siphonal plication of the posterior part of the shell. X 2. Chapman sandstone, same locality 
as figure 1. 

4. Megambonia cf. M, eardii/ormU Hall. An imperfect left valve, which in surface markings and form presents 

the characters of Hall's species but is smaller. Moose River sandstone, Detroit, Somerset County, Maine. 

5. Paleosolen chapmani sp. nov. Left valve, showing the anterior end, umbo, sur^e markings, and siphonal plica- 

tions. X 2. Chapman sandstone, same locality as figure 1. 

6. cf. Edmondia (sp. indet.). Stone mold of right valv«, showing the general form and size but no marked specific 

characters. Chapman sandstone, Edmunds Hill, Aroostook County, Maine. 

7. Paleosolen chapmani sp. nov. A small right valve, showing the characters of the posterior half of the shell. X 2. 

Chapman sandstone, same locality as figure 1. 

8. cf. Schizodus (sp. indet.). An imperfect stone mold, showing the general form and size but nothing to deter- 

mine accurately the specific characters. (Chapman sandstone, west side of Edmunds Hill, Aroostook County, 
Maine. 

9. Sphenotomorpha rigidula sp. nov. An imperfect right valve, showing form and surface markings. Chapmaa 

sandstone, 2) miles west of Presque Isle Stream, Chapman Township, Aroostook County, Maine. 

10. Grammysioidea ellym^elloides sp. nov. A crushed and otherwise imperfect right valve, showing the general form 

of the shell. Chapman sandstone, same locality as figure 1. 

11. Elym^lla harrisi sp. nov. A nearly complete left valve, showing form and surface markings. Chapman sand- 

stone, same locality as figure 6. 

12. QrammyM acadica Billings var. An imperfect stone mold of a left valve referred to as a variety of Billings's 

species. Chapman sandstone, same locality as figure 6. 
13, 15. GoniopJiora om£ga sp. nov. Two specimens representing the left and right valves, upon which the outline, 
the surface form, and (indistinctly) the markings can be seen. Chapman sandstone, 2 miles west of Presque 
Isle Stream, Chapman Township, Aroostook County, Maine. 

14. Anodontopsis maccoyiana sp. nov. Mold of interior of left valve, showing the hinge teeth and the flattened mai^gin 

which may mark the limits of the palUal maigin. Chapman sandstone, same locality as figure 9. 

15. See figure 13. 

16. Cimitaria cf . C chapmani sp. nov. A small specimen, showing the exterior of a left valve. The very abrupt fall 

from umbonal ridge to the posterior slope of the shell, which is nearly fiat, is not well brought out by this figure; 
the sharp edge of the ridge is shown. Chapman sandstone, same locality as figure 1. 
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PLATE XXV. 

[AH the figims on this plate are of natoral slxe except figures 17 and 18, which are enlarged 2 diameters.] 

Figures 1, 3-5, 12, TeUinUet gibbosa var. kayuri Beushausen (p. 165). 

Figures 2, 10, Cleidophonu perovaUt sp. nov. (p. 161). 

Figures 6, 0, 11, 13, PaUondlo (DUkkia) mainetuiB Clarke (p. 168). 

Figure 7, Myoplusia chapmani sp. nov. (p. 162). 

Figure 8» TVffinttet ^ftOM var. eruM Beushausen (p. 165). 

Figure 14, TeOMUt cwrta sp. nov. (p. 165). 

Figures IS, 10, Leda harrisi sp. nov. (p. 171). 

Figures 16, 20, Pakoneito {DitkMa) mafnetuU var. umbonata var. nov. (p. 170). 

Figures 17, 18, Actinopterella sp. fi (p. 102). 

Figures 21, 22, 25, 26, PreaokuUi fMonga &aU (p. 207). 

Figures 23, 23a, 24, Pamepdaa baUoidet sp. nov. (p. 258). 

Figure 27, Beaehia chapmani sp. nov. (p. 71). 

1. Tellinites gibbonut var. kayseri Beuahaiuen. A mature elongate left valve, ahowing the umbonal ridge and sulci 

strongly developed, also along the posterior hinge the hinge teeth. Chapman 'sandstone, Presque Isle Stream, 
at end of Tweedy road, Aroostook County, Maine. 

2. Cleicbphorus perovalis ^. nov. An incomplete mold of interior of left valve, showing the clavicular ridge in front 

of the umbo. Chapman sandstone, west side of Edmunds Hill, Chapman Township, Aroostook County, Maine. 

3. Tellinites gibbosiu var. kayseri Beushausen. A short young shell, showing right valve, the posterior end wanting. 

Chapman sandstone, same locality as figure 1. 

4. Tellinites ffibbosus var. kayseri Beushausen. A mature elongate right valve, showing outlines and surface form. 

Chapman sandstone, same locality as figure 1. 

5. Tellinites gibbosus var. kayseri Beushausen. A small short left valve, showing teeth on hinge margin. Chapman 

sandstdne, same locality as figure 1. 
6, 11. Paleoneilo (Ditickia) mainensis Clarke. A narrow and a broad form of the right valve, showing the anterior 
ridge. Chapman sandstone, same locality <as figuro 1. 

7. liyophisia chapmani sp. nov. An imperiect left valve, showing the general outline and the form of the anterior 

half of the shell. Chapman sandstone, same locality as figure 1. 

8. Tellinites gibbosiu var. crassa Beushausen. An extremely short, small right valve. Chapman sandstone, same 

locality as figure 1. 

9. 13. Paleoneilo (Ditichia) mainensis Clarke. Two specimens showing different outlines. The anterior ridge Is 

evident in figure 9 but not in figuro 13. These specimens and those ropresented in figures 6 and 11 show 
extremes of expressions of this variable form. Chapman sandstone, same locality as figure 1. 

10. Cleidophorus perovalis sp. nov. Right valve, showing clavicular ridge, gently curving surface, and the nearly 

complete outline of the species. Chapman sandstone, same locality as figure 2. 

11. See figure 6. 

12. Tellinites gibbostuf var. kayseri Beushausen. A short left valve. Compare with figuro 1. Chapman sandstone, 

same locality as figure 1. 

13. See figure 9. 

14. Tellinites cwrta sp. nov. Right valve showing the broad, even arching of the body of the shell, the slight, narrow 

umbonal furrows, and on the anterior front a portion of the surface of the shell. Chapman sandstone, same 

locality as figure 2. 
15, 19. Leda harrisi sp. nov. Two right valves, showing the form and size but not the surface characters. Chapman 

sandstone, 2 miles west of Presque Isle Stream, Chapman Township, Aroostook County, Maine. 
16, 20. Paleoneilo mainensis var. umbonata var. nov. Two left valves, lowing the produced narrow umbones, the 

decided sulcus Inside the umbonal ridge, and the anterior ridge; also the extromesof long and short type of shell 

observed in the series of specimens of the typical species. Chapman sandstone, same locality as figure 1. 
17, 18. Actinopterella sp. )9. Two imperiect left valves, showing the short quadrate form, the large wing and ear, and 

the radiating lines over the body and slightly exhibited on the posterior wing, apparently lacking on the 

anterior ear. X 2. Chapman sandstone, same locality as figure 1. 

19. See figure 15. 

20. See figure 16. 

21. 22, 25. Preavicula oblonga Hall. Partly exfoliated left valves, showing the form, partly restored outlines, and 

faint radiating plication, which may pertain to the interior rather than exterior of the shell. Chapman sand- 
stone, 2} miles west of Presque Isle Stream, Chapman Township, Aroostook County, Maine. 
23, 23a, 24. Paracyclas bulloides sp. nov. Three interior molds of left valves. The anterior muscular scar and pallial 
line are best seen in figure 23, and the form and particularly the posterior slope aro best exhibited by figure 24. 
Chapman sandstone, same locality as figuro 15. 

25. See figure 21. 

26. Preavicula oblonga Hall. Right valve, showing the pallial line and scar of the posterior muscular impression. 

Chapman sandstone, same locality as figure 21. 

27. Beaehia chapmani sp. nov. Stone cast referred with doubt to this species. Chapman sandstone, Edmunds Hill, 

Chapman Township, Aroostook County, Maine. 
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PLATE XXVI. 

[All the flgores on this plate are of natural size except figure 1, which Is magnified 4 diameters.] 

Figure 1, Leia nUnvla sp. nov. (p. 172). 

Figures 2, 3, 5-7, 10, 12, 13, AnodorUoptU maccopiana sp. nov. (p. 236). 

Figure 4, Physetomyasp.lndet. (p. 140). 

Figures 8, 9, Preaukula brevis sp. nov. (p. 208). 

Figures 11, 15, 16, Preavieula Monta (Hall) sp. et gen. nov. (p. 207). 

Figure 14, Modiomorpha cf. if. proUa Clarke (p. 219). 

1. Leda minuta sp. nov. A minute right valve, showing the form of the type specimen. X 4. Ohapman sand- 

stone, Presque Isle Stream, at end of Tweedy road, Chapman Township, Aroostook County, Maine. 

2, 3. AnodorUopsis maccoyiana sp. nov. Two small left valves, showing the form and imperfectly the exterior char- 

acters of the shell. Chapman sandstone, 2 miles west of Presque Isle Stream, Chapman Township, Aroostook 
County, Maine. 

4. Physetomya sp. indet. An imperfect left valve, showing the surface wrinkles and outline. Chapman sandstone, 
Edmunds Hill, Chapman Township, Aroostook Coimty, Maine. 

5-7, 10. Anodontopns Tnaccoyiana sp. nov. Four mediumndzed right valves, partly exfoliated, showing slight differ- 
ences in outline. Chapman sandstone, same locality as figure 2. 

8. Preavieula brevia sp. nov. A partly exfoliated specimen, showing the narrow, elongate form and the concentric 

lines of growth. Chapman sandstone, same locality as ifigure 2. 

9. Preavieula brevis sp. nov. A laiger specimen with more expanded front and no concentric lines evident on the 

surface. The two shells shown in figures 8 and 9, though differing in present appearance, are believed to repre- 
sent a single species, as they come from the same locality. The illustrations exaggerate the differences; figure 9 
gives the typical form. Chapman sandstone, same locality as figure 2. 

10. See figure 5. 

11, 16. Preavieula oblonga Hall. Two specimens of right valves showing the ordinary characters of the species. (See 
also Pi. XXV, figs. 21, 22, 25, 26.) Chapman sandstone, same locality as figure 2. 

12, 13. Anodontopsis Tmiccoytana, dp. nov. Two large right valves, partly exfoliated, showing well the surface mark- 
ings over posterior hinge in figure 12, and the pallial line and muscular scars in both figures. Chapman sand- 
stone, same locality as figure 2. 

14. Modiomorpha cf. M. protea Clarke. An imperfect left valve resembling in general form the first of the speci- 

mens figured by Clarke under the name M. protea. (See also PL XXI, fig. 16.) Chapman sandstone, same 
locality as figure 4. 

15. Preavieula oblonga Hall. Mold of the interior of a large incomplete right valve, in which a ridge from the 

anterior muscular scar toward the front is particularly conspicuous; a wide furrow separates this ridge from the 
body of the shell. Referred with doubt to this species. Chapman sandstone, same locality as figure 4. 
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PLATE XXVII. 

(Unless otherwise stated all the figures on this plate are magnified 10 diameters. All the specimens were procured from the Chapman ssodstone.) 

FlgoreSi 1-6, Zygobeyrichia devonlca Jones and Woodward (p. 291). 
Figures 7-10, Zygobeyrichia extrema Ulrich (p. 292). 
Figures 11-16, Zygobeyrichia apicalis Uhrich (p. 292). 
Figures 17-19, Ctenobolblna (?) cornuta Ulrich (p. 289). 

1. Zygohtyrichia devoniea Jones and Woodward. Cast of the interior of a right valve tilted bo as to obscure the central 

part of the ventral edge and cause the swollen upper end of the median lobe to appear as farther removed from the 
donal edge than in a view taken at a right angle to the plane ot the edges of the valve. U. 8. Nat. Mus. Cat. 
No. 61359. 

2. Zygobeyrichia devoniea Jones and Woodward . View taken from a clay squeeze of a natural mold of a left valve, X H . 

The flattened border is more sharply defined than usual. U. S. Nat. Mus. Cat. No. 61360. 

3. Zygobeyriekia devoniea Jones and Woodward. Drawing of a cast of the interior of a large left valve, X 11, with an 

outline sketch indicating relief of surface in a view of the posterior end. U. S. Nat. Mus. Cat. No. 61380. 

4. Zygobeyrichia devoniea Jones and Woodward. Cast of the interior of a left valve of the female form of the species, 

showing the position and elongate form of the ventral pouch. U. S. Nat. Mus. Cat. No. 61381. 

5. Zygobeyrichia devoniea Jones and Woodward. Cast of the interior of a left valve, showing differences in the outline 

and in the posterior lobe thought to be due chiefly to distortion subsequent to burial. U. S. Nat. Mus. Cat. No. 
61382. 

6. Zygobeyrichia devoniea Jones and Woodward. Another slightly distorted cast of the interior of a left valve. U. 8. 

Nat. Mus. Cat. No. 61383. 

7. Zygobeyrichia extrema Ulrich. Cast of the interior of the right valve of a female example of this species, the ventral 

pouch and median lobe slightly crushed by rock pressure. XT. S. Nat. Mus. Cat. No. 61363. 
8, 9. Zygobeyrichia extrema Ulrich. Cast of the interior of a left valve anid view of anterior end of same. U. S. Nat. 

Mus. Cat. No. 61376. 
10. Zygobeyrichia extrema Ulrich. Cast of the interior of a right valve. U. S. Nat Mus. Cat. No. 61377. 
11. 12. Zygobeyrichia apicalis Ulrich. Casts of the interior of two right valves, showing small differences in outline, 

probably caused by distortion. The smaller specimen (fig. 12) is believed to be the more normal in form. U. S. 

Nat. Mus. Cat. Nos. 61361, 61384. 
13, 14. Zygobeyrichia apicalis Ulrich. Testiferous left valve of the female form, as seen in side and ventral views. 

Figure 13 shows the pitted ornament on the ventral pouch and adjacent parts of the broad anterior lobe. U. S. 

Nat. Mus. Cat. Nos. 61362, 61385. 
15, 16. Zygobeyrichia apicalis Ulrich . Testiferous right valve ot the female form. The specimen is periectly preserved 

except the anterior maigin, which is broken away. The trans>'er8e undulations on the anterior lobe seem to be 

normal. U. S. Nat. Mus Cat. No. 61386. 

17. Ctenoholbina (?) oomiUa Ulrich. Gutta-percha squeeze of a natural mold of the exterior of both valves. U. S. 

Nat. Mus. Cat. No. 61355. 

18. Ctenobolbina (?) comuta Ulrich. Drawing of same with missing parts restored, X H. 

19. Ctenobolbina (?) comuta Ulrich. Diagrammatic outline drawing of the two valves in natural position. 
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CryptGnellaeUsl 76 

Ctenobolhina 289-290 

oarnnto 2»9-290,334 

Ctenodonta 157-159 

albertlna 173 

astartaefannis 158 

ooDtncta 158 

onssa 165,167,170 

dalleidense 162 

elegans. 163,164 

glbbernla 158 

gibbosa 165,166 

kay!«ri 165 

kroUmls. 162 

levata. 173 

logani 158 

nasata 158 

prlnueva 163 

sodalls 173 

unionifonnis 166 

CocnlleHadliptica 161,168 

intermedia 170 

opima. 173 

Coneamya 131 , 132, 255 

Cnrtanotns grebei 248 

tanean 248 

Cypricardella 239-249 

beUatnla 244-246,247,328 

bicostnla 247,248-249,328 

cantraineana 247 

cmta. 245,246,247 

elongata 249 

gregaria 245,246,247 

hartll 247 

nncleata 240 

oblonga 240 

parallala 247 

plicata 230,240 

pohlL 238 

rotundata 246-247,248,326,328 

subell^tica 240 

sabovata 246,246,247 

tenoistriata 246-246,249 

transversa 347-248,328 

anianif ormis 249 

Cypiicardia acuti carinata 230 

contracta 336 

cymbeformis 323, 224 , 256 

gjabratus 230 

rbombea 230 
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Cyprioardites 147-166 

oaswoQi 13S 

curta 148,149,152,154 

cmtus 147 

detroitense 156-156,330 

alongatus 147 

modJoIaris 148 

rugosa 225 

Cyrtiaroetrata 76,77 

Cyrtina 76-80,116-117 

bipUcata 7»-«> 

dalmani 78, W 

demarlil 77 

hamiltonensis 78,79 

var. recta 78 

heterocllta 78,79,308 

var. alpha 79-80 

var. multicostata 77 

var. muItipUcata 77,78 

rostrata ' 76-70,308 

varia. 77, 78 

Cyrtodiscus 270 

Cyrtodonta 147, 148-166 

beyrlchi 152 

decllvis 163 

dunmsis 153, 166 

kayseri 163 

orbicularis 153 

rugosa 140 

Cyrtodontids 147-166 

Cyrtodontopsis 147,152,158 

kayseri 168 

Cytherodon socialis 234, 236 

D. 

Dalmanella 57-61 

circularis 6(M{1,813 

drevermannl 58,60 

elevata. 62,310,312,318 

hicia 58 

penouHe 68 

planiconvexa 57,68,810,813 

planooonvexa 57-59,60,61,312 

testudlnaria. 58 

Dalmanites concinnus 280 

meekl 288 

phUIipsi 287 

stommatus var. convergens 280 

sp.a 288-280,329 

sp.^ 280,320 

Delthryris arenaria 84 

arenosa 84 

duodenaria 104 

raricosta 101,106,107 

De Vemeuiloo aramm3r8ia hamiltonensis 128 

Diaphorostoma 262 

ventricosum 268 

Discina bainii 24 

discus 21 

forbesii 34 

Dlscinaoea 21-34 

DlscinldflB 31-34 

Dltichia 168 

E. 



Eastman, Charles R., on Asterolepls clarkei. 
Eatonia. 

coulteri 

henrici 

pecoliaris 



67-60 

70 

70 

70 

singularis 60-71,310 

Ectenodesma birostratum 301 

Edmondia 141 

Edmondia amydalina 141 

debilis 141,148 

decorata 141 

eUiptlca 141 
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Bdmoodia gmlata 141 

nobilis '. 141 

preecox. 141 

prsBlonga 141,143 

pulchella 141 

subangulata 149 

sabtruncata 149 

ventrjoosa 149 

sp. indet 331 

Elymella 140-143 

labolis 140,142 

harrls! 142-143,331 

levata 142 

missooiieiisis. 142 

nuculoldes 140, 142 

patula 142 

Eikiodesma comprassum 222 

cuneatum 222 

gwneri 222 

orthonotum 222 

postlatum 222 

undosum 222 

Eosis americana 253 

ensis 253 

gracilis.!. 253 

Eodevonaria 52-53 

Eodon 241 

Eotomaria hitchcocld 277, 278 

Sunella 76 

eUsi 76,311 

wiUivantl 76 

Eoomphalopteros alata var. llmatoidea 277 

alatus 276 

conoidea 277 

F. 

Favodtessp. indet 14-15,329 

FavosltldsB 14-15 

FenesteUa lilsa 20 

FohnamieUa 178,179-182 

danbyi 179 

fronsacia 182 

malnerwlH 179-182,194,322,323 

ostreiformls 179,182 

G. 

Gastropoda 259-282 

OkKsites 143-147 

amnlgenoides 1 45-146, 326 

amygdallxiua 143 

barrandii 144-145,325 

depressus 144,146,146-147 

elllptlcus 143 

llngualis 143,145 

patulus 146 

prooenis 146 

subtenuis 143 

teretls 143,146 

Glyptodesma ereetum. 194 

Goniopbora 223-233 

acuta 228 

applanata 226 

bellula 224 

binotata 225 

blpartita 226,232 

cielata. 228 

oarinata. 147,226 

carpomorpba 229 

<^mungensls 225 

OODsimills 224,225,229 

crassa 217,229 

cymbaeformls 223,224,225,226,227,228,229 

dubia 229,230 

glauca 225,226 

bamiltonensb 225,228,228 

imperfecta 225 

kayseri 230-232,233,328 

media. 225 

mediooris 224,230 
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Goniopbora minax. 225 

minor 228,230 

modiomorphoides 228 

obllqua 227 

omega. 232-233,331 

perangulata 226,228 

pbrygia 225 

pogio 225 

ran 225 

reluctans 225 

retrorsa 225 

rhombea 223, 228 

rugosa. .v.. ■ 228 

scaleno. 225 

secans 225,228 

soror 225 

spedoea 229 

testis 225 

transiens 224,225 

trapesoidalis 230-231 

trentomensis 290 

trigonfa 233 

zephyrina 225 

sp. indet 230 

Goniostropha 276 

chapmanl 276^317 

Gosseletia 152 

Orammysia abbreviata 128 

acadica. 135-136,331 

alveata 134,138 

anomala var. rhenana 128 

arcnata 132 

bisulcata 128,129,134 

canadensis 133,137 

cingulata. 136 

oircuiaris 130 

ootentina. 129 

dupUcata. .' 134 

eicarata 136 

geologic range of. 133-133 

glabra. 134,139 

globosa 134 

bamiltonensis 128-130 

history of 128 

insBqualis 134, 137 

interpUcatus 138 

irregularis 128,129 

tevis 128 

llmitsof 130-132 

lirata 134,138 

lundL 134 

marginata. 128 

minor 134 

modiomorphe 138, 330 

nodocostata var. eifeliensis ^ 128 

obsoleta. 132,134 

ovata 128,129,136 

precursor 131 

princiana 136-138, 327 

species of 133-139 

triangulata 134 

type species of 128-130 

ulrichi 134 

undata 134,139 

sp . indet 134 

GrammysiidsR 127-147 

Grammysioidea 133-135 

elymeUoides 138-139,331 

Gyrichnites 17-19 

gaspensis « 18,19 

H. 

Hall, James, on Clmltaria 253 

on Cypricardella 240 

on Cypricardites 1 18, ISO 

on Elymella 140 

onGlossitcs 143 

on Megambonia 198 

on Modiolopsis 148 
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Han, JamcB, on Modiomorpha ?. 216 

oDPabewea 150 

onSpbflnotus 235 

oa Tellliioinya. 157 

HaUerberglan teuxu, oorrelatiaiEi of the Chapmaii fiiuna with. .295-299 

He m i p ropitCB chcmangcnafa var. aretogtriata 35 

Hercyoian fluma, oorrelatian of the Chapman fanna with — 295-299 

Henoonlla 14-15 

Hipparigoyx 40,41-43 

projdmas 41,42,43 

imCullbrDilB 41,312 

281 

281-282,317 

STnumtiica 281 

BolopeUaohsQleta 273 

HomaloDOtus 28S-287 

delphhiooephalus 286 

laticandatus 285-286,329 

vanaxemi 286,287,329 

Haines, T. M., upper boundary of the Silurian established by . . . 5 

I. 

Blona 257 

Dioonamos mytilimeris 215 

laoeardiaeloDgata 131 

incambena 131 

latiasinia 140 

pollens 131 

Isoenlla 131-132 

K. 

K efc mt eta, Christian, on Mecynodon ..^ 227 

KloMenia 291 

Kodite 226 

Kowmila 163-167 

L. 

Leda 171-172 

brevhutrlB 172 

harrisi 171-172,332 

minnta 172,333 

mira 168 

LedopsispcrobUqaa 176 

trigona 177 

Leiopteria 178,196,20^212 

bigsbyi 209 

conradi 209 

delcayi 208,209 

gabbi 209 

gnmdis 210 

greenl 209 

hawldnsl 210,212 

hirando 210 

liBvis 200 

laminosa 210 

leuoosia 210 

Ungnlformis 209 

Ungolata 210 

longirostris 210 

luntiiata 210 

maoeoyi 210 

mitchelli 209 

obtusa 210 

phimpel 210 

picta 210 

raflnesqui 206,209 

rafinesqaii 179 

riesiana 209,211-212,325 

aayl 209 

thomi>soni 210 

torreyl 209 

viennayi 210 

Leptssna 32-33 

bipartita 27 

depressa 32 

devooica 41 

orbicularis 60 

qoadrilatera 32 
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Leptsona rhomboidalls 32^33,313 

tenuistriata 32,33 

umbraculum 34 

unguiformis 41 

vetusta 34 

Tidna 49 

sp 27 

Leptoccrlia 119-124 

acutlplicata 120,121 

ooncava 119 

fimbriata 120 

flabeUites 31,117,119,120-124,182,308,309 

propria 120 

Leptodesma 178,209,210 

aliforme 195,196 

eztenoatnm 195 

hector 195 

Leptodomos 130, 131, 132, 133 

barrosl 229 

borealis •. 254 

canadensis : 133,134 

interpUcatus 134 

latus 229 

mainensis 131 

posterns 229 

truncata 181 

tnmoatus ,... 140 

Leptostrophia 25-32 

beckei so 

becU 25,28,31 

bipartita 25,32 

blainvillei 25,30,31, 182 

blainvillii 29,52 

crenistrla 25,30 

delthryrls 25 

fllosa 25,31,32 

fragilis 25 

gflpenl 26 

interstrialis 26 

Irene 25 

julia 25 

Junia 25 

lincklsnl 26 

magnlAca 25,31 

parva 29 

magnlventer 25 

nearpassi 25 

nervosa 25 

oriskania 25,29,31 

omatella 26 

perplana 25,27-32,182,296,313,316 

plauulata 25,31,32 

pleurlstrlata 25 

prlsca 25 

tardlfl 29 

teztllis 25 

tullla 25,29,31,32 

tulliensis 35 

Limoptera 209-205 

ala 204 

bifida 202 

bohemica 203 

gigantea 203 

Icmgialata 202 

macroptera 183,202,203,204 

obsoleta ao8 

panciradiata 203,205 

var. chapman! 204-205,330 

paaperata 203 

rbenana 303 

sarmentica 203 

semlradiata 202 

volitans 203 

Linguia 20-21 

artemis 21 

cornea 21 

llsae a 

Wgea 21 
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T.ing»iR longlmlina 21 

mtnimft 21 

minoscula 2(^-21,311 

Idngulaoea 20-21 

Lta)c;ulida 20-21 

Liopteria brownl 196,197 

Lissopleora equivalTis 74-75 

Localltiefl where specimens vera obtained 7-10, 12-13 

Loxonema 279-280 

compocta 274 

jeraeyense 279, 280, 318 

planogyrata 275,318 

subtilistriata 280 

weUeriana 271>-280,318 

Locina eUiptlca var. oocidentalis 257 

prisca 257-258 

Lucinaoea 257-250 

Lucinidse 257-259 

M. 

McCoy, Fxedeiick, on Anodontopsls 240 

on Sanguinolites deciplens 256 

ICacrochilina 280-281 

acuta 280 

arculata 280 

Mapleton sandstone, exposure of 7 

Matercula, 225 

Matheria rugosa 218 

tener 217 

Meoynodon 228,227,228,229 

auriculatus 227,228 

carinatus 227,228 

conoentricus 228 

oblongus 227 

Megalanteris 71 , 123 

ovaUs 71 

thunU 71 

sp 71,310,312 

If egalodon curvatus 133,138,223 

oblongus 227 

Megalodns 227 

MegambonJa 197-201 

aviculoidea 198 

beUastriata 199 

belUstriata 198,199.200 

cardliformis 198,199-200,331 

var.parvlusoula 201,326 

cordlfonnis 198 

crenistriata 199,200 

denysia 199 

lamellata 198 

lamellosa 198, 210 

lata 198 

mytlloidea 198 

oblonga M», 205, 207, 208 

obscura 198 

ovata 198 

ovoldea 199,200 

OToides 19^ 

parva 199 

rhomboldea 198,199 

splnneri 198 

strlatocostata 198 

suborbicularis 198 

MegerUa lima 75 

Meristabella 124 

oblata 125 

Merlstella 124-125 

bella 124-125,310 

didyma 125 

meta 125 

Mesocoelia 273-276 

compacta 274-275 

oompressa 274 

obsoleta 274 

tenuella 273-274,318 

ICesomphalus hartleyl 291 
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belUstriata 230,211,214 

oompfamatus Ml,2<4 

gregaria 241 

m^or 242,243,244 

reservatus 941 

tenulstrlata 241 

Microdonella 241 

Mlcropteria 178 

Modiola annnloaa 206 

antiqua 154 

semisulcata '. 138 

ModiolodoQ 218 

ModiolopsidiB 216-236 

Modlolopsis 148 

antiqua 222,223 

carinata 239 

doUfussi 216 

latus 149 

modlolaris 217 

recta '... 217 

subspatultts 149 

thecoides 216 

Modiomorpha 216-223,238,238 

afSnis 218 

alto 230 

aroostookl. 219-230,237,328 

chapmani 221-223,327 

complanato 220,221 

oonoentrioa 216,218 

ele vato 218 

follmanni 153,156 

hyalea 222 

macilento 218 

mytiloides 216,218 

protea 219,220,328,333 

rlglda 146 

Schoharie 221 

seUowl 156,156 

submissa 218 

subrectangularis 230 

vulcanalis 219,238 

sp. indet 221 

MoUusca 126-285 

MoUusooidea 19-126 

Moose River sandstone, correlation of fauna of 290 

species from. 6,1^13 

Murchisonia 273 

angulato 274,276 

bivltteto 275 

cingulato 275 

compressa 273 

egregia 275 

extenuate 276 

hebe 273 

hercynia 276 

logani 274 

longispira 274 

lossenL 274 

macrospira 276 

micula 276 

mlnuto 276 

obtusangulato 275 

Myacites 130 

Myalina 212-216 

angulato 214 

bilstoinensis 212 

egregia 215 

gofiensis 215 

lodanensis 212 

maureriana 212,213-215,324,826 

var. lata 215,324,326 

var. pterinsQoides 215-216,326 

pterina»ides 215, 216 

rhenana 212 

subquadrato 215 

MyallnldsB 212-216 
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HyaUnodonta 302,203 

normaTiiana 202 

HyaUnoptera crinlta 190 

MyalinopterJa. 190 

alpina 199 

Myoploala. 162-163 

chapmanl 162-163,332 

Mystrophora 61 

elevata. 62 

Mytilarea 212 

HytilizDorplia 228 

Mytmtes 196 

Hytflus gradatiis 154 

nfytilimeris 215 

perovaUs 257,258 

platyphyllus var. ^ 222 

quadxatos 257,260 

N. 

Naladacea 236-238 

Neotiemata 21-25 

NucleoBpixa 118-119 

Tentrioosa 118-119,123,309 

Nocola 173-174 

beUbtriata 175 

ooaictata 161 

fomicato 174,175 

gragaria 228 

hoagbtonl 173 

krachtsB .* 172 

lirata : 173 

lodftTMaisfa 175 

opfana 173, 174 

pahnansfa 174 

parciassa 174 

penula 173 

nndalll 173 

aandbergerl 175 

ahumardlaoa 173 

nnloiilfonnis 165 

▼aricosa ^ 176 

Nnculaoea 156-177 

Nnculaxia securis 168 

Noculida 172-m 

Nocnlites braimari 161 

ooaictata 160 

OblODgUS 174 

planolata 159 

triqueter 160,161 

Nncoloidea 17^177 

aquisgnnonsis 174,176,325 

bellatula 174-175, in, 325 

oordata 174,175-176,325 

(Hffldofia V 176 

Urata 174 

nJotica 174 

opiina 174 

patilla 177 

randaUi 174 

tiigonale 174,176-177,325 

Nyassa subalata 155 

Nylander, Olaf O., ooUoction by 5 

O. 

Ontaria 258 

OnychJa 225 

Orbicula balnil 24 

Orbiculokiea 21-24 

bainll 24 

discus 21-24,311 

mentis 24 

OrthidsB 57-63 

Orthls areola 61 

ayxnara 120 

callactis 120 

circulaiis 59,60,297 

ooncinna 27 

CQQiadi 41 
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OrthJs crenistria 34 

oranlstrla var. devonica. 41 

defonnis 40 

dOTonica 34,36,41 

distorta 41 

elegantula 60 

emlnens 6S 

expansa 57 

grandJs 57 

hipparlonyx 34,36,41,42 

hipponyx 34 

le^risi 61 

lucia 57,68,60 

orbicularis 60 

palmata. 120 

planiooDTexa 68 

planooonveza 57,68 

strigosa 85 

solivani 84 

sulivantl 36 

tenuis 66,67 

umbraculum 34,35 

unguiformis 41,42 

vetusta 84 

Orthisina umbraculum 35 

Orthoowas 282-283 

Dorumbegse 282 

parlinense 283,319 

princiana 282-283,318 

Orthoceratidn 282-283 

Orthodesma. 126-127 

carinifera. 126-127,325 

recta 126 

Orthonotacarinata 249,260 

ensiformis 249 

Inoerta. 223 

pholadis 240 

rigidan 252 

siliquoidea 249,250 

simulans 223 

soienopsis 144,145 

speciosa 223 

undulata. 249,260,252 

Orthonotus cymbsformis 224 

nasuta 224 

semisulcatus 138»224 

Orthonycbia bebes 261 

Orthostrqphia canadensis 68 

Ortbothetes agassixL 37 

obemungensis 36 

arctistriatus 87 

var. pandora 30 

defonnis 40 

bippoDjrx 86 

pandora. 87,39 

sulivani 37 

umbraculum 36 

woolworthana 36 

woolwortbanus 87 

woolwortbanus gaspensis 37 

sp. a 30 

sp. ^ 86 

Ort(»ia IQ 

intermedia 17 

Ostraooda 280-2S8 

Ozydiscus Imitator 270 

minimus 272 

orbicuhis 272 

P. 

Paleearca 147,149,151 

salTordi 149, ICO 

ventricosa 149,160 

Palseoneilo boyesei 166 

foUes 168,170 

mainensis 168 

neglecta 165 

occulta 166 
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PalflBondlo orbXgnyl 15,167 

pvpUma 163,167 

prisca i 170 

virginJca 163,167 

Palseanustos 271^-277 

Palaopimia 196 

PaleoneUo 168-170 

angusta 163 

blaulcata 163 

brevicula 177 

circulus 166 

oonstricta 163,170,174 

crasaa 170 

intermedia 170 

maineDsis 168-170,325,326,332 

var. umbonata 170,332 

muricata 163 

specfosa 170 

sulcata 163,167 

sulcatina 162 

Paleosolaa 249-253 

belgica 262 

chapmanl 2.%, 251-253, 331 

oostatos 250,262 

«ffeUeiisis 250 

ooddentalls 260 

siliqaoidea 250 

simplex 250,251 

Paracydas 257-269 

bobemica 267 

bnlloidfls 258-250,332 

elliptica 257 

tobeaoonti 257 

lirata 267,258 

oocfdentale 257 

Paropsls 202,203 

PatoUostiium 264-265 

Palecypoda ^ 126-250 

Pantagonia 126-126 

miisnlcata 126 

8p.lndet 125-126,311 

Phaoops af ricanos : 287 

downingl 287 

glockeri 287 

pupiUus 287 

PhaoqpldeUa 287-2% 

anoeps 287,288 

brasOiensis 287 

chapmanl 287-288,329 

glockeri 287 

nylanderi 287 

Pbdladella 132,133,264 

pazallela 254 

Pholadomya 130 

anomala 128 

Phragmostoma 264 

conulsB ' • 264 

cjrmbula 264 

incisum 284 

natator aw 

Physetomya 13J^-140 

acuminata 132 

sp.indet 140,333 

Planorbis trilobatiis 267 

Plantae 203 

Platyoeras 259-262 

aroostooki 261,319 

chapmanl 239-260, 318 

compressa 282,319 

oonoideum 262 

edmundl 260,318 

elongatum 281 

hebfls 280,281,318 

var. a 260-281,319 

var. /J 281,318 

kahlebeigensis 259 

protel 261 



Platyostoma 269-263 

axenosa 262 

yentrioosa. 282,283 

ventriooBum 282-263,318 

plectambooites rhomboidalls 33 

Plectonotus 265-289 

derbyi 268 

Salter! 268 

trilobatus 266 

Plethocardia 226 

Plethomytflus 212 

Plethorhyncha spedosa 75 

Plenrodictyum problematicum. 14,331 

Pleuromya 130 

PleuropboreUa papillosa 238 

Pleurotomaria eloroidea 277 

pratexta 277 

togata 277 

Pleurotomariids 273-276 

Pdypoca lilsea 20,329 

lilia 20 

psyche 20,320 

Posldonomya becheri 208 

rhomboldea 104,197 

Preavicola 205-208 

annulosa 206 

brevis 908,333 

elliptica 208 

oMonga 205,207-206,332,333 

Prince, Harold W.,fiollectlons by 5,12 

Prioodesmaoea 126-230 

Productl 27,45 

ProducUdse 44-54 

Productus sQcifer 32 

sokatos 32 

Proiobella 199 

Proludna .' 257 

Promyalina hindi 215 

Prosocoslus 132 

Protomya 131 

Protramata • 25-4B 

Pseudedmondia 141 

PseudomelaniidiB 279-282 

Pseudotectns 276-279 

comes 277 

dedduns 27S-279,317 

hitchcockl 277,278,317 

8p.indet 279,317 

Psilophyton princeps 293 

Pterla 178 

Pteriacea 177-238 

PteriidsB 202-212 

Pterinea 177-178 

ampliata 195 

cardlifonnis 198,199 

bisulcata 128 

concentrica 216 

condor 193,194 

correcta 179 

costata 178 

cuneata 179 

demiasa 178,195 

edmundi , 187 

var. subrecta 189 

lasdculata 178,190 

flabella 178 

grendis 208 

hercynise M3 

hlans 183 

interoostata 205 

kerforaei 210 

laovis 177-178,194,195,209 

var. prsBCursor 195 

lineata 178 

lindstroemi 183 

mainensis 178,179,191 

mytfloides 206,207,208 
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Pterttiea obseqnois ^^ 

QStreifarmis 178,179 

TBdlalis 178,179,182,184 

retroflexa !•* 

w.fi 1»5 

Tar. 7 1^ 

rhombopsia 1** 

sowerbyi 183 

striatocosta 1^ 

sabplaoa 1®* 

tenalstriata 18* 

ventricosa. 1^ 

sp 1« 

PterineidiB 177-»1 

Pterinopect«aarooBto6ki 187,180 

Ptaronitella 178,198-197,209 

cometola 194,197 

candor 195,196,197 

curta 193,196,197 

•recte 197 

hirundo 195 

navlfonne 195,196,197 

oblQDga 198,194,195,196,197 

passer 196 

pnliisalie 184,195 

quadrata - 195,196-197,330 

retroflexa 193,194,195,196,197 

rectangularis 197 

venusta 198,194,196,196,197 

Pteronites 178 

tnopUtos 195 

proCundus ^ 195 

rostratos 195 

Pteropoda 283-285 

Ptomatis 264 

Ptychodesma 147 

knappianmn 153-154, 155, 156 

minor 155 

nannm 156 

nflssoni 164 

PnllastraeUlptica 257 

lavis 240,945 

R. 

BcDsselaerla. 72-76 

atlantica 72 

crassioosta 76 

mafnenste 72-75,123,310,816 

mutabflis 76 

ovoides 18,75 
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